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INTRODUCTION. 

REFLEX responses of certain autonomic mechanisms have repeatedly 
been the subject of investigation after spinal cord lesions in man. Head 
and Riddoch (1917), in their classical paper, described the effects of bladder 
activity on sweating. In lesions of the upper thoracic and cervical cord, 
they attributed the sweat response following bladder activity to the 
activity of fibres arising from the part of the spinal cord below the level 
of the lesion. However, in one of their patients with a complete lesion 
at T.7, bladder distension elicited hyperhidrosis involving the head, neck 
and arms, and extended to a marked degree to the level of the ensiform 


process and to a lesser degree as low as the umbilical region. This distri- 


bution indicates activity in fibres arising well above the spinal cord 
lesion. 

André-Thomas (1921) studied the pilo-erector response after spinal 
cord injuries during the 1914-1918 world war and demonstrated that 
distinct reflex responses could be elicited by stimulation above or below 
the level of the lesion. 

Foerster (1937), studying vasoconstrictor responses in complete lesions 
of the spinal cord, was not able to evoke reflex vasoconstriction in any area 
below the level of the lesion from cutaneous receptors below the level of 
the lesion. In a case of transection of the spinal cord in the mid-thoracic 
region, he found vasoconstrictor effects in the arms could be elicited by 
stimuli applied to the leg well below the level of the lesion. He also 
described two cases of transection of the mid-thoracic cord, verified at 
operation, in which, several months after injury, distension of the bladder 
elicited an unpleasant stretching sensation, which was localized by the 
patient in the abdominal region. In both cases, passive stretching of the 
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flexed and contractured legs was also felt as a painful sensation in the 
abdomen. One of these patients, who survived four years after injury 
felt pressure in the legs and learned to distinguish between pressure i1 
the thigh and pressure in the leg. From these observations, Foerst 
assumed the existence of a paramedullary afferent pathway through th: 
sympathetic trunk. 

Denny-Brown and Robertson (1933a), in their studies on physiolog 
of micturition, also investigated the effects of vesical activity on rect 
colonic pressure. They found that the rectum and distal pelvic colo: 
show spontaneous contractions, which vesical activity tends to stimulat: 


In two cases of transverse lesion of the distal thoracic cord, describ 


by these authors in a further paper (1933b), rhythmical contractions 


the rectum were recorded, which invariably accompanied micturition. 

The congregation in a Spinal Centre of a large number of casualties 
with severe lesions of the spinal cord from the recent war, has afforde: 
new opportunities for investigating autonomic reflex phenomena, in rela 
tion to visceral activity. In view of the fact that knowledge on this 
subject is far from complete, it seemed worth while subjecting thes: 
phenomena to more detailed analysis—especially as, in recent years, experi 
mental studies by Watkins (1938), Talaat (1938), Pratt (1938), Carmichael 
Doupe, Harper, and McSwiney (1939) on animals and normal men have 
shown that distension of abdominal viscera evokes widespread reactions 
of autonomic mechanisms. Preliminary accounts of our results have 
already appeared (Guttmann, 1947; Whitteridge, 1947). 

In the present paper, the effects of bladder distension on autonomic 
responses are described in over 30 patients with severe spinal cord injuries 
In most of the patients, the lesion of the spinal cord was caused by gun 
shot injuries. With the exception of a cauda equina lesion, the lesions 
of the spinal cord, as far as could be judged from the clinical symptoms, 
supplemented by radiological and surgical observations, and in one case 
by autopsy, were complete transverse lesions, In a few patients, the same 
effects were also studied after rectal distension. The immediate cause 
of this study was the following clinical observation: on the occasion 
of a cystometrographic examination, in April, 1944, of 3 patients with 
complete lesions of the upper thoracic cord (T.3, T.4 and T.5), distension 
of the bladder elicited a clinical syndrome characterized by patchy flush- 
ing of the upper chest and shoulders, and especially the lateral aspect 
of the neck and face. In one of these cases, an engorgement of the tem- 
poral and supraclavicular vessels was very striking. The vasodilatation 
in parts above the level of the lesion also involved the nasopharyngeal 
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mucosa, causing complete blockage of nasal air passages and nasal voice 
in one of these patients. The pulse became slow, and there were occasional! 
extrasystoles. There was an outburst of sweating, which started and was 
especially marked at the level of the lesion, but which also involved face, 


Mad HL ra 


neck, shoulders, and both upper limbs. Some minutes later, sweating 
extended to a gradually lesser degree downwards, as low as the 9th and 
; 10th thoracic dermatomes. On the subjective side, patients experienced, 
in the lower abdominal region, a throbbing sensation, which extended 
upwards in the mid-line of the body to the throat and back of the neck, 
causing a feeling of fullness in the head and progressing to occipital and 
frontal headaches, the latter especially marked behind the eyes. It was 
realized that these symptoms could not be explained merely as effects 
due to activity of the spinal cord below the level of the lesion, but that 
the distension of a visceral organ, such as the bladder, situated in the 
paralysed part of the body, had set up a response of autonomic mecha- 
nisms, which had induced profound effects on the cardiovascular activity 
in parts of the body above the level of the spinal lesion. 
In order to study the various components of these reflex phenomena. 
a research team had to be organized, and it was decided to study the 
following reflex responses : — 
(1 


(2) Vasomotor response and heat regulation by measuring skin 


— 


Sweating and pilo-erection. 
§ 


painters 


temperatures and rectal temperatures. 

(3) Recording of respiration, pulse-rate and blood-pressure. 

(4) Plethysmographic study of pulse volume and blood flow in rela- 
tion to blood-pressure. 

(5) The electrocardiogram. 

(6) Conscious sensation. 


MATERIAL AND METHOoDs. 
The 30 patients examined have been divided into three groups: 


(2) Mid-thoracic lesions T.6 to T.10. 
(3) Lower thoracic and cauda equina lesions. 


In several cases, repeated tests were carried out at various intervals. 


3 

(1) Cervical and upper thoracic lesions (above T.5). 
) 
) 


All tests were carried out in a room set apart for the purpose, where 

the patients were examined, lying in their own beds. The variety of details 

q o be recorded during a single test made at least three to four observers 
necessary. 


The apparatus used for studying bladder activity due to bladder dis- 
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tension was the tidal drainage apparatus designed by Riches (1943), which 


is provided with a manometer and allows continuous indication of 


volume and pressure. Saline or '4 per cent. acetic acid solution at body 
temperature was used for filling the bladder. As most of the cases were 
admitted with suprapubic cystotomies, filling of the bladder was done 
through the suprapubic tube. Care was taken to distend the bladder 
gradually,-the rate of filling being 100 to 140 drops per minute, but in 
certain tests the effects following more rapid distension were also studied. 
In certain cases, following Denny-Brown and Robertson (1933a), the filling 
was interrupted after each 50 c.c. for one to three minutes, to examine, 
during the intervals of rest at constant volumes, the adaptability of the 
bladder to its contents by relaxation, and thus to determine the “resting 
pressure,” as compared with the “filling pressure.” Measurements of 
volume were made at regular intervals, and any significant variations of 
pressure were recorded by one observer with one assistant. The cysto- 
metrogram thus obtained was correlated with all other observations. Care 
was also taken to obtain the patient's full co-operation for recording all 
subjective sensations during the bladder filling and vesical activity. 

Skin and rectal temperatures were measured by a conventional multiple 
junction skin thermometer. For recording pulse, volume and blood flow 
by finger plethysmography, we had made plaster back slabs, which held 
the arm from below the axilla to the palmar creases. We are particularly 
indebted to Dr. G. Gordon for the construction of these plasters. Glass 
plethysmographs similar to those used by Newman, Doupe and Wilkins 
(1938) were clipped to a light transverse metal bar, which was incorpo- 
rated proximally in the plaster, somewhat in the same way as a walking 
iron. The plethysmographs were made airtight with zinc ointment, and 
connected by air-filled pressure tubing to membrane manometers made 
of condom rubber, carrying front surface silvered mirrors made from 
hemocytometer cover slips. The membrane unit was mounted in self- 
centring clamps designed by Holbourn (1947). For the toes, the general 
arrangements were similar, except that no attempt was made to fix the 
toes, owing to the occurrence of frequent and powerful flexor spasms. The 
plethysmograph was slipped over the big toe, the rubber connecting 
tube was clamped some inches away, and recording was undertaken during 
the quiet intervals. Artefacts due to movement of the foot and failure 
of the airtight junction were readily recognizable. 

For measurement of the blood flow in the fingers, we used the method 
of Newman, Doupe and Wilkins (1938), which consists of applying an 
inflatable cuff about one inch wide around the phalanx proximal to the 
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plethysmograph. When this is inflated with a pressure of about 60 mm.Hg, 
the venous return is occluded, and the initial rate of swelling of 
the terminal phalanx inside the plethysmograph is equal to the rate of 
blood flow into the part. Following Christensen and Nielsen (1942), the 
hand was kept about one foot above the level of the heart, and the pres- 
sure in the cuff kept at about 10 mm.Hg below diastolic pressure. The 
results are given as blood flow in ml./sec. for the volume of finger used, 
which was not measured. 

Owing to difficulties in applying sufficient warmth to paraplegic 
patients, there were some failures to obtain full vasodilatation before be- 
ginning the experiments. In such cases, the resting blood flow was small 
and variable. 

The apparatus used for electrocardiographic studies was the Insomatic 
Carlette, Sanborn Co., Cambridge, Mass., U.S.A. 

The Quinizarin method (Guttmann, 1937, 1942, 1947b) was used as 
an indicator of sweat-gland activity. For the thermoregulatory sweat 
test, which was carried out in a number of cases to check the level of 
the lesion, sweating was induced by radiant heat. A special sweat box 
has been designed for the purpose by one of us and described elsewhere 
Guttmann, 1947). 


RESULTS. 

The Cystometrogram, in Correlation to Sweating, Visible 
Vasodilatation, Oculo-pupillary Function, Respiration, and Con- 
scious Sensation. 

Figs. 1 to 8 demonstrate the cystometric evidence of bladder activity 
in complete spinal cord lesions in relation to various clinical symptoms, 
especially sweating, elicited by bladder distension. 

(a) Hypertonic bladder without detrusor activity—Fig. 1 shows the 
results of bladder distension in a patient with a complete transverse lesion 
of the spinal cord at dermatomes C.8 T.1, following gunshot wound on 
14.5.45. At operation three months after injury, a cystic degeneration of 
the lower cervical cord was found. The metallic foreign body was felt 
embedded in fibrous tissue to the right of vertebra T.1 and was left in situ. 
The cystometrogram, six months after injury, revealed a bladder capacity 
of 150 c.c., a hypertonic state of the bladder with high intravesical pres- 
sure but without a trace of detrusor activity, and no evacuation of urine 
per urethram, even at a pressure of over 70 cm. The slight fall in pressure 
at 40 to 60 cm. is due to a slight relaxation of the bladder wall, when, 
after continuous filling with 50 and 100 c.c. respectively, filling was stopped 
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for a minute. The difference between “filling pressure” and “resting pres- 
sure” at volume of 50 and 100 c.c. in this case was only 2 to 3 cm. of 
water. It may be noted, however, that in other cases of hypertonic bladder 
without detrusor activity following spinal cord or cauda equina lesions. 
the difference between “filling” and “resting” pressure was found to be 
greater, thus indicating various degrees of adjustment of the bladder wall 
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Fic. 1 (C. J.).—Complete lesion at C.8/T.1. Cystometrogram six months after 
injury. Hypertonic bladder without detrusor activity. Slight fall in pressure at 
40 and 60 cm. demonstrates resting pressure. 


to its contents. It was also found that the adaptability of the bladder to 
distension by dilatation decreases the more the capacity of the bladder 
reaches its limit. The following observations on sweating, vasodilatation, 
oculo-pupillary function, respiration, and conscious sensation, due to 
bladder distension, were made: 








Intravesical 
Time pressure 
Minutes cm. of wate 


0) 0 
: 2 32 
2} 34 
3} 36/37 
5 39 
6 43 
10 49 
103 56 
11 59/60 
13/14 64/71 
15 
16 
17 
1S 
19 
21 . 


(b) Hypertonic bladder with detrusor activity but without urethral 
icturition.—Fig. 2 shows the results of distending the bladder twenty-one 
ionths after injury, in a patient with complete transverse lesion at 
3 dermatome, following gunshot wound on 23.6.44. The cystomet- 
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Observations 


Filling started. 


Ascending sensation in chest: sweating starts at 
T.3/4, Rt. > Lt. 


Sweating commenced in Lt. cheek. 


Hot feeling in head Rt. > Lt. Sweating in- 
creasing in both sides of face and between T.3-—5. 


Tightness and throbbing sensation in throat, 
blockage of nasal air passage. Sweating in 
both hands and arms Rt. Lt. Rt. pupil 
larger than Lt. 


Throbbing sensation in head. Small patches of 
vasodilatation in neck. Sweating increasing 
down to T.5. 


Dilatation of Rt. pupil more marked. 
Pin-points of sweat in mid-line down to T.7/8. 


Slight headache behind the eyes. Sweating profuse 
Rt. > Lt. Pin-points of sweat down to T. 9/10. 
Vasodilatation in face more marked. Breathing 
difficult and shallow. 


lightness in chest. Headache increased. Pain in 
Lt. chest. 


Filling discontinued. Bladder emptied through 
suprapubic tube. 


Headache disappearing. 


rhrobbing fainter, chest less tight, breathing 


easier. 
Tightness almost gone. 
Feeling normal again. 


Pupils almost equal. 


gram revealed a bladder capacity of 200 c.c., with definite detrusor con- 
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tractions. These contractions were very pronounced during the filling 
with the first 100 c.c., but became considerably less so towards the end 
of the test, when the intravesical pressure increased. No micturition pe 
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Fic. 2 (R. T.).—Complete lesion at T.3. Cystometrogram twenty-one months 
after injury. Hypertonic bladder with frequent ineffectual contractions. No 
urethral voiding. Contractions decrease at later stages of filling. 


urethram was elicited by detrusor activity. The observations made on 
vasodilatation, sweating and other symptoms during the test are as 
follows : — 
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Intravesical 
Time pressure Observations 
Minutes cm. of water 


i 0 0 Filling of bladder started. 
a 2 32 Slight flushing in face. 
5 47 Slight blockage of nasal air passage. 
13 51 Sweating commenced at T.3 and both sides of 


forehead. Blockage of nasal air passage gone. 
“Sensation” in penis region, 


15 47 Sweating increasing. Again nasal blockage. 
16/17 43/39 Marked vasodilatation in face and neck Lt. > Rt. 
18/19 45 Complete blockage of nasal air passage. Slight 


headache. Marked sweating in T.3—5. 


20/22 37/41 Tight feeling in face and both temples. Feeling of 
“bladder pumping.’’ Marked retraction of penis. 
23/25 49/53 Increased headache Lt. > Rt. Vascular engorge- 
ment in neck. Profuse sweating in T.3-6, pin- 
points down to T.8. Throbbing pain in back of 


neck. 


26 57 Distress. Respiration shallow. No voiding of 
urine per urethvam. 


27 - Filling discontinued. Evacuation of bladder 
through suprapubic tube. 


30 . Headache completely gone. Slight pain in Lt. 
chest. Penis less retracted. 


An early test, carried out on this patient six and a half months after 
injury, showed the same symptoms—moreover, during that examination 
the slowing of the pulse and extrasystoles were very striking at the height 
of the test. For further details see fig. 11. 


(c) Hypertonic bladder with uninhibited detrusor activity and urethral 
micturition.—Fig. 3 shows the cystometric results of a test carried out 
fifteen months after injury in a case of complete spinal cord lesion at 
(.4 dermatome, following gunshot wound on 31.10.43. Repeated tests 
ave been carried out in this case since April, 1944, and the results were 
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always identical, showing uninhibited reflex detrusor contractions with 
urethral evacuation of urine. 
The following observations were made: 


Intravesical 
Time pressure Observations 
Minutes cm. of water 


0 Filling of bladder started. 
4 Ascending sensation in abdomen and trunk. Hot 
feeling in face and neck. 
\ir bubbles through penis. 
Sweating at T.4. 
Desire to pass urine. Marked sweating in both 
upper limbs, little sweating over upper lip. 
Vasodilatation in lateral parts of face and neck. 
Voiding through urethra (60 c.c.). 
Vasodilatation and sweating above T.4 increased. 
Only little sweating in face. 
Repeated flexor spasms in legs. Vasodilatation 
increasing. Desire to pass urine. 


Profuse sweating above level of lesion. Pin-points 
of sweat also distally to T.8. Vasodilatation 
very marked in face. Voiding 90 c.c. 


Repeated adductor spasms of legs. Pain in neck. 

Occipital headache. Profound vasodilatation in 
face Lt. Xt. 

Voiding through urethra 2 oz. 

Discontinued. 


Headache gone Vasodilatation diminished. 


As shown in fig. 3, detrusor activity started after filling of 50 c.c. In 
contrast to the case illustrated in fig. 2, the detrusor contractions became 
more powerful at the end of the test, producing an intravesical pressure 
of over 80 cm. First reflex micturition through the urethra started at 
bladder volume of 150 c.c., but only about 60 c.c. were evacuated. It was 


found in this and other cases that urethral voiding may start before 


the manometer pressure reaches its highest level and may still continue 
for a few seconds while the manometer pressure has already begun to 
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fall. It is beyond the scope of this paper to describe in detail the relation 
between bladder activity and reflex movements of lower limbs and abdo- 
minal wall—a problem which, since Head and Riddoch’s paper, has 
repeatedly been discussed by other authors (Holmes, 1933; Denny-Brown 
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Fic. 3 (G. L.).—Complete lesion at T.4. Cystometrogram fifteen months after 
injury. Hypertonic bladder with powerful detrusor activity and urethral voiding. 
Contractions increase at later stage of filling. 


and Robertson, 1933a). But it may be recorded that no close relation 
was found in our cases between bladder activity and spasms of 
lez or abdominal muscles—on the contrary, the dissociation between 
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bladder activity and spasms of the abdominal wall and lower limbs was 
often very striking. Occasionally, bladder activity, like other intrinsic 
stimuli, may elicit rhythmic muscular contractions, confined to the 
tibialis anterior muscles of both legs. 

Figs. 4a and 46 illustrate the outburst of sweating at the level of the 


Fics. 4a and 4b (G. L.).—Complete lesion at T.4. Outburst of sweating at the 
level of lesion elicited by distension of bladder. Dark lines illustrate distribution 
of vasodilatation in face and neck at the height of vesical activity. 


lesion and the distribution of the vasodilatation in face and neck (dark 
line) elicited by the bladder activity in the last-mentioned case Figs. 5a 
and 5b show the result of thermoregulatory sweat tests in the same case. 
In early stages of the test, sweating was confined to the face, neck, upper 


limbs, and upper chest, and there was complete anhidrosis below that 
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level in the first stages of the test (5a). In later stages, sweating gradually 
extended to T.10 (fig. 50). 

The type and distribution of sweating due to bladder distension 
described in the foregoing cases is characteristic of all patients with com- 
plete lesions of the upper thoracic (proximal to T.5) and cervical cord. 
In none of our high lesions did this reflex sweating extend below the 


10th thoracic dermatome. 
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Fic. 5a.—Same patient. Early stages of thermoregulatory sweat test. Dotted lin: 
illustrates border of analgesia—uninterrupted line that of anesthesia. 
Late stages of thermoregulatory sweat test. Complet: 


Fic. 5b.—Same patient. 
Note the gradual diminution of sweating below T.6. 


anhidrosis below T.10/11. 


Patients with lesions of the mid-thoracic cord (T.6 to 10) showed a 
different distribution of sweating due to bladder activity, as illustrated 
by a case of complete lesion at T.7, following fracture of the 6th to 8th 
dorsal vertebre on 29.9.43. The cystometrogram (fig. 6) revealed a hyper 
tonic bladder with most powerful uninhibited detrusor activity resulting 
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in repeated urethral voiding. There was slight spontaneous sweating 


between the 9th and 12th thoracic dermatomes before bladder filling. 
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Volume in cu. cms. 
Fic. 6 (L. S.).—Ccmplete lesion at T.7. 


Cystometrogram two years after injury. 
Hypertonic bladder. 


Most powerful detrusor activity and urethral voiding. 


The observations made during the cystometric study on sweating and 
reflex spasMs are as follows : — 


Tntravesical 
Time pressure 


Observations 
Minutes cm. of water 


0 0 Filling of bladder started. 
18 Repeated flexor spasms of legs Lt. > Rt. 
9 Flexor spasms. 
70 Repeated voiding through urethra. Sweating in- 
. creasing in T.11 on Lt. side. 
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Intravesical 
pressure 
cm. of water 
65 
16 
45 


Time 
Minutes 
6 

8 


Observations 
Flexor spasms, voiding. 
Voiding stopped. 
Voiding, flexor spasms. Sudden outburst of sweating 
in both legs down to ankle region. 


Increased sweat- 
ing in T.10/11. 


light feeling in penis and bladder. Flexor spasms. 
Voiding. 


Sweating in T.10/11 profuse. Sweating also increased 
in both legs. Voiding. 

Pin-points of sweat in T.7 on Rt. side. 
Discontinued. Sweating below T.9 most profuse. 


Fic. 


sm 


Same patient. 


Reflex sweating due to bladder activity below level of 
lesion with profuse band-like hyperhidrosis between T.10 and T.11 on mght and 
T.10 and T.12 on left side. 
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Fig. 7 shows the distribution and degree of the reflex sweating in the 
lower part of the body, due to bladder activity, and illustrates the pro- 
found hyperhidrosis confined to T.10/11 dermatomes on right and T.10/12 
on left side, whereas fig. 8, demonstrating the result of the thermoregu- 
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Fic. 8.—Same patient. Thermoregulatory sweat test. Complete anhidrosis below 
9/10. Dotted line border of analgesia—uninterrupted line border of anzesthesia. 


latory sweat test, shows a complete anhidrosis below T.10. In another 
patient with a complete transverse syndrome in the mid-thoracic region 
T.6), the reflex sweating evoked by bladder distension involved the der- 
natomes below T.6, and was especially profuse below T.10. 

So far, sweating, as part of the various reflex responses to bladder 
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distension, could always be elicited in our patients with upper thoracic and 
cervical cord lesions. However, in mid-thoracic lesions, sweating may be 
absent. This was found in patients in which the injury had caused, 
below the level of the transverse lesion, a longitudinal lesion of the cord, 
resulting in flaccid paraplegia of a lower motor neurone type, with an 
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Fic. 9 (A. B.—T.).—Complete lesion at T.8. Cystometrogram nine months after 
injury. Flaccid paralysis of abdominal muscles and lower limbs with complete R.D. 
indicates longitudinal type of spinal cord lesion. Hypotonic bladder with feeble 
ineffective vesical contractions of fibrillary type. Dribbling incontinence at 200 and 
320 c.c. volume. 
atonic or hypotonic bladder. Fig. 9 shows the cystometrogram of such 
a patient, who sustained a gunshot injury of the spinal cord on 14.11.44, 
resulting in a complete transverse spinal syndrome helow T.8. At the 
time of the cystometric test, carried out nine months after injury, there 
was flaccid paralysis of all abdominal muscles and both lower limbs, 
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absence of reflexes, and R.D. of the muscles of the lower abdominal area 
and of both lower limbs. The cystometrogram showed practically no 
detrusor activity. The manometric oscillations were of fibrillary type. 
At an intravesical pressure of 40 cm. and volume of 200 c.c., evacua- 
tion of urine from the urethra occurred by dribbling without pressure, and 
about 90 c.c. were discharged. Further voiding started at a pressure of 
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Fic. 10 (L. S.).—Complete lesion at T.7. Cystometrogram six months after injury. 
Hypertonic bladder with most powerful detrusor activity and urethta voiding. 


55 cm. and volume of 320 c.c. Apart from a vague sensation in the lower 
tbdominal area, there were no subjective or objective signs throughout 
he test. 

Sweating may also be absent in mid-thoracic lesions, in spite of very 
marked detrusor activity. As an example, a patient with a complete 
transverse lesion at T.7 dermatome, caused by a mortar bomb injury on 
3.8.44, is described. The cystometrogram, six months after injury (fig. 10) 
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revealed a hypertonic bladder with very marked and powerful detrusor 
activity, producing urethral micturition. The observations made during 


the test were as follows :— 
I ntravesical 
Time pressure Observations 
Minutes cm. of water 
0 0 Filling of bladder started. 
5 22 Flexor spasms of both lower limbs. 
12/14 48/5< Repeated voiding through urethra (50 c.c.). 
15 63 Burning feeling in face: vasodilatation. ‘‘Sensation”’ 
in back. 
25 64 Heat in face increasing. 
26 75 Flexor spasms of legs. 
28 72 Voiding through urethra (60 c.c.). 
34 Voiding through urethra (60 c.c.). 
35 _ Discontinued. 


In all complete lesions at and below T.10, bladder distension and 
powerful detrusor activity did not elicit reflex sweating. 

The effects of bladder distension on body temperature, blood-pressure, 
and pulse —The vasodilatation in face and neck, the visible engorgement 
of the larger temporal and neck vessels, together with the blockage of 
the nasal air passages found in all upper thoracic and cervical lesions. 
were such obvious effects of bladder distension that the detailed study 
of the body temperature was the next logical step in our programme. We 
measured the skin temperature in face and neck, trunk, feet, and the 
rectum. The results obtained in our first case—a complete lesion at T.3, 
which has already been mentioned (fig. 2)—are shown in fig. 11. The 
skin temperature of forehead and neck rose, as could be expected from 
the flushing obvious to the naked eye. However, in contrast to this rise 
of temperature, the temperature of the legs showed a marked drop, while 
the rectal temperature showed a slight rise. These findings, rise of tem- 
perature in face and neck, were confirmed in all upper thoracic and cer- 
vical lesions. In mid-thoracic and lower thoracic lesions, the rise of tem- 
perature also involved the fingers and parts of the trunk above the level 
of the lesion. 

An early rise in rectal temperature occurred in almost all patients, 
and in one or two cases examined on a hot summer day, this rise in rectal 
temperature amounted to 2 to 3° C. This is most easily interpreted as 
an interference with the heat loss normally occurring in the parts of the 
body below the level of the lesion. When, however, profuse sweating 
occurred, the resulting cooling of course makes any interpretation of skin 
temperature in terms of skin blood flow unreliable. 
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These results suggested that, as a result of bladder distension, a large 
scale redistribution of blood was going on, and we therefore recorded 
the effects of bladder distension on blood-pressure and pulse-rate, as well 
as skin and body temperature, in the next cases. In all patients examined 


15 20 25 30 35 40 45 

Fic. 11 (R. T.).—Complete lesion at T.3. Changes in skin temperature during 
listension of the bladder. In this and subsequent records, filling of the bladder 
curs between the broken vertical lines. Areas supplied by sensory nerves above 
he level of the lesion are shown by continuous lines, those below the level of the 
esion by broken lines. BI.P., bladder pressure; BLV., bladder volume; R., rectal 
temperature; R.N., right side of neck; F.H., forehead; L.Th., left thigh; R.Th., right 
high. The temperature of the skin above the level of the lesion rises, that below it 


alls. 
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Fic. 12 (C. J.)—Complete lesion at C.8. Changes in blood-pressure and skin 
temperature during distension of the bladder. B.P.S., systolic blood-pressure; B.P.D.., 
diastolic blood-pressure, P.R., pulse-rate; B1.P., bladder pressure; Bl. V., bladder 
volume; R., rectal temperature; L.N., left side of neck; L.S., sole of left foot; L.F.1, 
left thumb; L.F.5, left little finger. Sensation is lost in the little finger, but retained 
in the thumb. 
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with complete lesions at T.5 and above, we found a very large rise in the 
systolic and diastolic blood- -pressure and a drop in the pulse- rate. cneee 
results are illustrated in two patients with complete lesions at C.8/T.1 
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Fic. 13 (J. D.).—Complete lesion at C,/T,. Changes in blood pressure and 
kin temperature during distension of the bladder. P.R., pulse-rate: B.P.S., 
stolic blood-pressure; B.P.D., diastolic blood-pressure; B1I.P., bladder pressure; 
81.V., bladder volume; R., rectal temperature; R.N., right side of neck: L.N., left 
de of neck; R.T.1, right big toe. 


figs. 12 and 13), and in one case of complete lesion at T.4 (fig. 14). 
Systolic pressure rose to 190-250 mm.Hg, and diastolic pressures, which 
ften rose faster than the systolic at first, usually rose to 130-150 mm.Hg. 
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In all cases, these pressures were maintained as long as the bladder pres- 


sure stayed high. The return of the blood-pressure to normal after allow- 


ing the bladder to empty took fifteen to thirty minutes. In one or two 
patients, bladder pressure fell off in spite of slowly increasing distension. 
The blood-pressure then fell parallel with the bladder pressure. 
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Fic. 14 (G. L.).—Complete lesion at T.4. Changes in blood-pressure and skin 
temperature during distension of the bladder. P.R., pulse-rate; B.P.S., systolic 
blood-pressure; B.P.D., diastolic blood-pressure; B1.P., bladder pressure; BI.V.. 
bladder volume; R., rectal temperature; L.N., left side of neck; R.T.1, right big toe: 
R.Th., right thigh; L.Th., left thigh. 
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In those patients whose lesions lay between T.6 and T.10, there were 
mly slight rises in blood-pressure during bladder distension (figs. 15 and 
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Fic. 15 (R.M.).—Complete lesion at T.10. B.P.S., systolic blood-pressure; P.R., 


pulse-rate; B.P.D., diastolic blood-pressure; B1.P., bladder pressure; B1.V., bladder 
volume; R., rectal temperature; R.N., right side of neck; L.T.1, left big toe; R.T.1, 


right big toe. 


16), and when the lesions lay below T.10 there were no changes in blood- 
pressure in spite of complaints of discomfort or pain during the filling. 
The relation between the level of the lesion and the blood-pressure change 
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during distension is shown in fig. 17, which brings out the difference in 
behaviour between patients with lesions above and below T.5. 








25 30 35 40 45 50 min. 
Fic. 16 (L. S.).—Complete lesion at T.8. B.P.S., systolic blood-pressure; B.P.D 


diastolic blood-pressure; P.R., pulse-rate; B1.P., bladder pressure; BI.V., bladder 
volume; L.N., left side of neck; L.S., sole of left foot; R.S., sole of right foot. 


The changes in pulse-rate show some interesting features. In patients 


with high lesions, there is a sharp initial fall in pulse-rate as the blood- 


pressure rises. This has a latent period of the same order as the blood- 
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pressure changes (fig. 18). In some patients, this low pulse-rate persists 
for the period of distension, but in the majority the pulse-rate rises slowly, 
iithough the blood-pressure remains steady. A large drop in pulse-rate 
is usually seen in patients with lesions at or just below T.6, although the 


rise in blood-pressure is not greater than 20 to 40 mm.Hg. 


6 FRU SS eS Se TREMOR 2 sas 6 
CERVICAL THORACIC LUMBAR SACRAL 


Fic. 17.—The relation between blood-pressure changes and the level of the lesion. 


O— systolic blood-pressure before distension of the bladder. —®— systolic blood- 
essure during distension of the bladder. 


One patient complained of irregular action of the heart during routine 


bladder washouts, and on examination was found to have pulse bigeminus 
4 minutes at atime. At this time, an attempt at an E.C.G. record during 
listension of the bladder was unsuccessful, and this patient has since 
eased to suffer from pulsus bigeminus, though he still shows occasional 
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extrasystoles. A number of other patients with lesions above T.10 were 
also found to show extrasystoles during bladder distension, and, in the 
E.C.G., they show extrasystoles of sino-auricular and auricular-ventricular 


origin, and an increase in the size of T and particularly the U wave in 


Fic. 18 (G. L.).—Complete lesion at T.4._ The effect of the rapid introduction of 
about 60 ml. of water into the bladder. a, b and c are sections of the same examina 
tion, d is a record of another examination on the same patient. Blood-pressur 
changes are recorded by the two cuff method. The upper cuff is kept at 10 
mm.Hg, the record is of pressure fluctuations in the lower cuff. In d, the upp« 
cuff is kept at 120 mm.Hg. L.E., left ear volume; B.P., blood-pressure changes 
R.F.2, volume of right index finger; B1.P., bladder pressure. Time in secs. Th 
large excursions in the record of ear volume are artefacts due to swallowing. Th 
blood-pressure record is discontined at e, and the finger plethysmograph leaked at ! 
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lead IVR (fig. 19). Papp (1940) showed that the U wave is normally 
increased after exercise, and that the ideal conditions for demonstrating 
its existence are a slow beat with a short R-T interval. It has, however, 
been shown by Nahum and Hoff (1938) that the U wave appears to be 


Fic. 19 (R. T.).—Complete lesion at T.3. Electrocardiograms before (A and B) 
nd during (C and D) distension of the bladder, figs. 19a and 19b, in a patient with 
high lesion. A and C lead II, B and D lead IVR. Notice the slowing of the heart- 
ite and the increase in size of the U wave especially in lead IVR. 


ssociated with the supernormal period of the ventricle and that a large 
roportion of spontaneous ventricular extrasystoles arise during the 
' wave. 


A large proportion of the extrasystoles seen fall in the interval 0°40 


048 secs. after the preceding R wave, that is at about the time of the 
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U wave. Occasionally, however, an unmistakable auricular extrasystole 
has occurred 0°5 to 0°6 secs. after the previous beat and cannot be 
ascribed to this mechanism. Occasionally, we have seen two coupled 
extrasystoles. Here the interval between the first two R_ waves 
has been 0-4 to 0°43 secs., and between the R waves of the extra- 
systoles 0°35 secs. These consistent intervals suggest strongly that the 
extrasystoles are driven by the previous beat. In a systematic study of 
this point, using the frog heart, Segers (1941) has found that all agents 
which increase the negative after potential also increase the supernormal 
period and the tendency to show coupled beats. An increase in calcium 
ion concentration, adrenaline, and even distension of the heart can all 


Fic. 20 (R. T.).—Complete lesion at T.3. Records of bladder pressure (BI.P.) 
and bloodflow in right index finger (R.F.2) (1) before and (2) during distension of 
the bladder, and (3) after emptying of the bladder. Records are to be read from 
right to left. Time in 1/5th sec. 


convert a normal rhythm to a pulsus bigeminus. Should the same rela 
tions hold for the mammalian heart, it is clear that we have a very 
satisfactory explanation for the occurrence of these coupled rhythms. In 
fact, systematic X-ray studies of the chest, in correlation with cystometro- 
grams, recently carried out by one of us (L. G.), in co-operation with i. 
Jones (to be published soon), have shown that bladder distension in high 
spinal cord lesions can increase the heart shadow by several centimetres. 

Estimates of the peripheral blood flow derived from skin temperature 
observations may sometimes be vitiated by the onset of sweating, the 
occurrence of draughts and movements of the bedclothes, and we therefore 


tried to obtain confirmation of vascular changes by using finger plethys- 


mographs and measuring pulse volume and blood flow by the method of 
Christensen and Nielsen (1942). Fig. 20 demonstrates the changes of 
blood flow in the right index finger in relation to bladder pressure in a 
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patient with complete lesion at T.3; fig. 21 shows vasoconstriction in the 
e and vasodilatation in the index finger during distension of the bladder 
n a patient with a mid-thoracic lesion (T.7). 
In all the patients with lesions at or above T.5, there was a sharp fall 
n the pulse volume in both finger and toe as the bladder was distended, 
ind the blood flow in the finger became very small or even unmeasurable 
figs. 22, 23 and 24). In one or two cases, there was a brief initial period 
f increased blood flow in the finger when the filling of the bladder was 
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Fic. 21 (L. S.).—Lesion at T.8. Vasoconstriction in the toe and vasodilatation 

the finger during distension of the bladder in a patient with a mid-thoracic lesion. 

1, volume of the right big toe; R.F.2, volume of the right index finger. In the 

idle of each record the venous outflow is stopped by inflating a cuff round the 

ximal phalanx to just under diastolic pressure. 1, before distension; 2, during 

tension; 3, after emptving of the bladder. Records to be read from right to 
Time in secs. 


w. Similar brief initial increases in skin temperature in the hands had 
en seen previously. After the bladder was allowed to empty, the blood 
w usually rose steeply to highest values recorded. At this time, the 
od-pressure was well above its initial value, and it appears that the finger 
me of the first vascular territorities to show vasodilatation as the blood- 
ressure falls. In patients with cord lesions between T.6 and T.11, there 
s also a profound fall in the volume of the pulse in the toes. As the 
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Fic. 22 (A. H.).—Complete lesion T. 2-3. Effect of distension of the bladde: 
on the blood flow through a finger in a patient with a high lesion. B.P.S., systolic 
blood-pressure; B.P.D., diastolic blood-pressure; P.R., pulse-rate; BI.P., bladde 
pressure; BI.V., bladder volume; R.F.2, —O— blood flow through right index finget 
R.F.2, —®— pulse volume in right index finger. 
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Fic, 23 (W. B.).—Complete lesion at C.6. The effect of distension of the bladder 
)ulse volume, blood flow and skin temperature of the fingers just above and just 
w the level of the lesion. The thumb has normal sensory innervation, the little 
r is anesthetic. B.P.S., systolic blood-pressure; B.P.D., diastolic blood-pressure; 
, pulse-rate; B1.P., bladder pressure; B1.V., bladder volume; L.F.1, temperature 
eft thumb; L.n., temperature of left side of neck; L.F.5, temperature of left 
: finger; R.F.1 —®— pulse volume of right thumb; R.F.5 - - - @- - - pulse volume 
ight little finger; R.F.5 ---O--- blood flow in right little finger. 














L. GUTTMAN AND D. WHITTERIDGE 





mm.Hg. 
20 


180 

160 

140 

120 

100 

80 
Beats/min] 
70 

604 
504 








ml. 
ml/sec. 
0:034 








0 10 30 min. 

Fic. 24 (G. L.).—Complete lesion at T.4._ The effect of distension of the bladde: 
on the pulse volume in finger and toe and the blood flow in the finger in a patient 
with a high lesion. B.P.S., systolic blood-pressure; B.P.D., diastolic blood-pressure 
P.R., pulse-rate; B1.V., bladder volume; R.F.2 —O— blood flow through right inde 
finger; R.F.2 —®— pulse volume in right index finger; R.T.1 ---@--- puls 
volume in left big toe. 


blood-pressure was rising slightly at the time, this must be due to a 
vasoconstriction. In the fingers, however, the pulse volume and the blood 
flow both rose (fig. 25). This was particularly striking in two patients in 
whom the fingers were constricted at the beginning of the experiment 


The blood flow through the fingers during the distension of the bladde: 


rose more than fourfold. In two cases, this rise in finger blood flow was 
interrupted by a fall when the bladder was nearly full, but in both cases 
this fall accompanied a relaxation of the detrusor muscle, and an in 
crease in the pulse volume in the toes. As the bladder pressure reached 
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Fic. 25 (L. S.).—Complete lesion at T.7. The effect of bladder distension on 
ood flow in the finger, on pulse volume in finger and toe, on skin temperature, 
id on blood-pressure in a patient with a mid-thoracic lesion. B.P.S., systolic blood- 
essure; B.P.D., diastolic blood-pressure; P.R., pulse-rate; B1.P., bladder pressure; 
|.V., bladder volume; X., temperature of xiphisternum; F., temperature of fore- 
ad; L.T.3, temperature of left third toe; L.F.2, temperature of left index finger; 
T.1 ---@--- pulse volume on right big toe; R.F.2 —O— blood flow in right 
dex finger; R.F.2 —®— pulse volume in right index finger. 


ts final peak, the blood flow to fingers increased, and the blood flow and 
pulse volume in the toes both fell once more. On a few occasions, the 
ladder was distended rapidly with about 60 ml. water, in order to mea- 
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sure the latent period for finger constriction and rise in blood-pressure. 
This was found to vary from 5 to 8 secs. (fig. 18). 

Distension of the rectum by 200 ml. of air introduced into a rectal 
balloon was also carried out in three patients with high lesions. There 
was evidence of vasoconstriction over the whole body with pilo-erection 


and sweating over the upper part of the body, and a rise in blood-pres- 


sure, but these effects were much more evanescent than those elicited 
from the bladder. A record of the pressure in the balloon showed that 
the distending pressure was not maintained when filling was stopped, and 
it is probable that the great capacity for distension exhibited by the 
rectum was responsible for this difference. In one case, there was an 
unmistakable initial cutaneous vasodilatation on distension of the rectum. 
There has also been a transient fall of blood-pressure for a few seconds at 
the beginning of filling of the bladder, and on several occasions a brief 
rise in skin temperature in the areas innervated by the isolated cord has 
preceded the usual vasoconstriction. This is of interest in view of the 
findings of Watkins (1938), and will be discussed later. 

Occasionally, a similar state of flushing, sweating and headache has 
been seen by one of us (L. G.) in patients with high lesions, who are 
suffering at the time from visible gastro-intestinal distension with visible 
peristalsis. It is, therefore, probable that distension of many parts of the 
gastro-intestinal tract can give rise to reflex vasoconstriction and the whole 
ensuing syndrome. When we have looked for pilo-erection, as a spinal 
reflex, we have always found it to accompany vasoconstriction. In a 
patient with a lesion at T.4, repeated rapid distension of the bladder or 
rectum produced a waye of goose skin over the abdomen, trunk and the 


arms at the same time as the onset of vasoconstriction. 


Discussion. 

The similarity in the behaviour of patients with spinal lesions at corre- 
sponding levels is indeed remarkable. The relation between blood and 
bladder pressure is remarkably close (fig. 23), whereas there is no relation 
between blood-pressure and bladder volume. It has been found by Talaat 
(1938) that some nerve endings in the bladder are excited when the bladder 
is first stretched, but that if a steady pressure is maintained in the bladder, 
these endings adapt themselves to the stimulus and their rate of discharge 
falls off. On the other hand, impulses have been found in small, un- 
myelinated fibres in the hypogastric nerve, and these impulses continue 
as long as steady pressure is maintained in the bladder. As we have 
always found that the raised blood-pressure is maintained as long as the 
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bladder pressure is raised, it is most likely that these small unmyelinated 
fibres are responsible for the reflex effects which we have observed. A 
rise in blood-pressure, when the pressure in the bladder is raised to 80 cm. 


of water or more, has been reported in animal experiments by Watkins 
(1938) and Talaat (1938), and similar changes in blood-pressure wete 
found to accompany active contraction of the bladder (Pratt, 1938). Small 


effects have been observed by one of us (D. W.) in the acute spinal cat, 
but as the preparation deteriorates, changes in blood-pressure disappear 
long before the somatic reflexes (cf. Downman and McSwiney, 1946). 

A consistent fall in blood-pressure on distending the rectum is reported 
by Watkins (1938). Brief falls in blood-pressure and vasodilatation at the 
onset of distension of both bladder and rectum occasionally occur. There 
are a number of possible sources of impulses in the mesentery, the peri- 
toneal covering and quickly adapting endings in the walls of the visceral 
themselves, which could be responsible for the reflex vasodilatation. 

In all patients with transections above L.1, whose isolated cord has 
survived, the one constant response to distension of the bladder has been 
vasoconstriction of the toes, and we feel that vasoconstriction, not limited 
to the skin, and mediated by the lowest parts of the sympathetic outflow, 
is the basic reflex response. 

The closely associated subject of distension of hollow viscera generally 
has a literature too vast to review fully here. Sherrington (1899) showed 
that distension of the gall-bladder (and hyperextension of the toes) in a 
spinal cat would cause a sharp rise in blood-pressure. Irving, McSwiney 
and Suffolk (1933) found that distension of the alimentary canal caused 
a rise in blood-pressure in spinal cats, a fall in decerebrate cats, and a rise 
in chloralosed cats. Carmichael, Doupe, Harper and McSwiney (1939) 
showed that distension of the duodenum in healthy men produced a 
vasoconstriction more marked in the toes than in the finger. Vasocon- 
striction has also been produced by Stiirup (1940) by distension of the 
cesophagus. In a very complete review of the literature, he points out 
that the vasoconstrictor response in man is part of an “alarm” reaction, 
as the constrictor responses to successive stimuli become progres- 
sively smaller, though the stimuli may be increasingly painful, Wernoe 
(1936) has described “cold areas” in the skin as a result of distension of a 
viscus. Unlike Head’s areas of tenderness, Wernoe’s areas are fan-shaped 
and occupy only part of a dermatome, being situated near the mid-line 
either anteriorly or posteriorly. Some confirmation of their existence is 
desirable. 

Circumscribed disturbances of sweating, corresponding to the segmental 





398 L. GUTTMAN AND D. WHITTERIDGE 


distribution of the gall-bladder, have been described by one of us as 
due to a viscero-sudoral reflex (Guttmann, 1938). In one of the cases 
described, a change of the functional state of sweat glands was studied, 
in relation to a severe gall-bladder attack. While the sweat test carried 
out immediately following the attack showed an almost complete anhi- 
drosis in the distribution of the Right 7th and 8th dermatomes, a relative 


hyperhidrosis was found in the same area in tests before and three days 


after the attack, when the patient complained only of slight discomfort. 

The form taken by vasoconstrictor reactions in healthy men is obviously 
modified by the higher centres, but it seems that we have here an opportu- 
nity of seeing a purely spinal viscero-cutaneous reflex, or rather a vasocon- 
strictor reflex, of unknown extent, elicited by distension of a viscus. Owing 
to its double afferent innervation, the bladder is not a very suitable organ 
for studying the segmental distribution of the vasoconstriction. 

The repercussions of spinal reflexes on the behaviour of the patient as 
a whole have not been sufficiently stressed in the past. Those who have 
written on temperature regulation after spinal transections in men 
(Gardiner and Pembrey, 1912) and dogs (Sherrington, 1924) all found that 
the compensatory efforts exerted in the upper part of the body were usually 
insufficient to make up for excessive or insufficient heat loss from the 
paralysed part. In the behaviour of the vascular system, which is common 
to both parts of the body, the compensatory changes induced by the intact 
central nervous system are of extreme importance. 

In all patients with lesions in the middle and lower thoracic regions, we 
have found evidence of vasodilatation in the fingers whenever we have 
followed their vascular reactions. All these patients maintain their blood- 
pressure within narrow limits, whereas patients with high thoracic lesions, 
who show intense vasoconstriction in their fingers, are unable to prevent 
a rise in blood-pressure. In man, the fingers are supplied with vasomotor 
fibres from the 3rd to the 7th or 8th thoracic roots, and the splanchnic 
nerves take their origin'from the 5th to the 11th thoracic roots. In patients 
with lesions at T.4 or lower, we have shown that vasomotor reactions can 
be obtained in the fingers in response to cold or painful stimuli to the 
head or neck (Gilliatt, Guttmann and Whitteridge, 1947), and in these 
patients the blood-vessels of the fingers are presumably affected by con- 
strictor impulses both from above and below the spinal lesion. Neverthe- 
less, during distension of the bladder, the finger vessels are intensely con- 
stricted in these patients, so that the effect of the constrictor impulses from 
the isolated cord is, as one would expect, able to overpower any dilatation 
which is probably induced by higher centres by inhibition of tonic dis- 
charge in vasoconstrictor fibres in T.3 and T-.4. 
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On the other hand, in patients with lesions at T.6 and T.7, although 
probably at least one root below the level of the lesion sends fibres to the 


hand, the blood-vessels behave as if they are entirely under the control 
of the higher centres, and dilate while the vessels controlled by the isolated 
cord are constricting. 

It is possible to explain the results obtained by Guttmann and Jonasson 
(1947) on the effect of posture on paraplegics by the view that patients with 
lesions at or above T.5 are unable to maintain their blood-pressure in the 
erect position because they are unable to constrict the blood-vessels of the 
viscera. It is, however, not clear whether deprivation of control of all the 
roots of the splanchnic nerve or alternatively loss of control of the vascular 
bed of the upper extremities is responsible for this failure to prevent a rise 
in blood-pressure. Control of the splanchnic area is usually held, on 
evidence derived from animals, to be of first importance in vasomotor 
regulation. It is possible, and the results of Stead and Ebert (1941) on 
postural hypotension support the view, that in man loss of control of the 
vascular bed of the arms is of primary importance in the control of the 
circulation. It is obvious that dilatation of the vessels of the face and 
neck is insufficient by itself to lower the blood-pressure. 

The increase in blood-pressure is most likely to be responsible for the 
observed decreases in pulse-rate, as part of a depressor reflex excited by 
the intact aortic and carotid sinus nerves. We have not attempted to test 
this view by injecting atropine, since we felt that this slowing was the last 
defensive mechanism remaining under the control of the vasomotor centre 
and that its elimination was unjustifiable. 

It is possible that adrenaline is liberated and is responsible for some 
of the phenomena observed. We are not inclined to attach much 
importance to this possibility for a number of reasons. In one patient. 
who had a unilateral lesion of the lumbar sympathetic chain, vasocon- 
striction occurred in the normal leg, but not on the side of the lesion. We 
have definite evidence of vasodilatation in fingers in patients with mid- 
thoracic lesions, and in the face and ears in patients with high lesions. If 
circulatory adrenaline is present, it is not able to overpower these vaso- 
dilator mechanisms. The general effect of this peripheral vasoconstriction 
on the heart is to produce a picture resembling incipient heart failure. 
There is considerable engorgement of the veins of the neck, a marked 
dilatation of the heart (Guttmann and Jones) and sometimes, but not 
always, a sense of tightness in the chest and shallow breathing. All these 
changes are readily reversible. It is unprofitable to speculate further on 
the mechanisms involved until more is known of the changes in the pul- 
monary circuit and in heart output. 
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Blockage of the nasal air passages must be active due to vasodilator 


nerves or to withdrawal of vasoconstrictor impulse, or passive following a 
rise in blood-pressure. A “paralytic” dilatation of the mucosa, which has 
been repeatedly observed by one of us (L. G,) and confirmed by Macintosh 
and Mushin (1944) regularly follows interruption of the cervical sympathe- 


tic pathways at any point. A striking example of such a “paralytic” 


dilatation. was recently seen by one of us (L. G.) in a patient with a com- 
plete transverse lesion at C.4 from a fracture of the spinous process of 
C.3. When seen at the Royal Bucks Hospital about six hours after injury, 
there was bilateral Horner’s syndrome and marked dilatation of the 
scleral vessels. The patient was only able to breathe through the widely 
opened mouth, due to complete blockage of the nasal air passages. 

During bladder distension, when there is every sign of increased sym- 
pathetic activity in patients with high lesions, it is most unlikely that the 
nasal blockage can be due to “paralytic” vasodilatation, and we are left 
with active vasodilator processes or passive vasodilatation following the rise 
in blood-pressure. If dilatation is active, it is probably of the same nature 
as the patchy vasodilatation of the skin of the neck and face and ears. It 
may be remembered that the flushing in these areas resembles that seen 
in emotional subjects, especially in women, which has been described by 
Darwin (1894). However, it may be noted that, in our cases, it occurred 
quite independently of headaches or of emotional changes. To one of us 
(L. G.) the appearance of the patches is strikingly reminiscent of those seen 
on stimulating the peripheral end of the divided posterior roots of C.2 
and C.3 at operation. In high thoracic and cervical lesions, during bladder 
distension patchy vasodilatation was found in face and neck, associated 
with blockage of nasal air passages whereas both upper limbs showed 
definite vasoconstriction. As in these high lesions, as far as the sympathe- 
tic supply is concerned, both the upper limbs and the face and neck are 
situated below the level of the lesion, one would expect vasoconstriction 
during bladder distension not only in the upper limbs but also in the face 
and neck— the more so as sweating occurred in the face and neck. How- 
ever, face, neck and ears showed marked vasodilatation, which has all the 
appearance of being an adaptive mechanism. 

We have also followed the vascular changes during the distension of 
the bladder in two patients with complete lesions at C.7, who therefore 
possess normal sensibility of the skin of the thumb but with complete 
sensory loss of the little finger (figs. 12 and 23). The sympathetic supply oi 
the whole hand in such cases is from the isolated cord. In such a case. 
the normally innervated thumb remains 2 to 3°C. warmer than the skin 
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of the anesthetic area. This difference may or may not increase during 
bladder distension, which elicited a profound vasoconstriction of both the 
thumb and little finger, as shown in the plethysmogram (fig. 23). However, 
again the forehead in this case showed definite signs of vasodilatation. 
Therefore, whilst there was no constant adaptive change in the finger, 
this was obvious in the face. 

The cerebral blood flow is generally held to vary directly with the 
blood-pressure. and a sudden increase in intracranial blood flow may be 
responsible for the headaches experienced. A similar passive dilatation 
with increased blood-pressure may also be responsible for the nasal con- 


gestion. It has been suggested that there might be vasodilator fibres in 
the human cervical sympathetic trunk, corresponding to those supplying 
the bucco-facial area in the dog. No such flushing has been reported on 
stimulation of the cervical sympathetic trunk in man. The mechanisms 
responsible for the patchy vasodilatation are not obvious, and of the two 
possibilities, axon reflexes or posterior root vasodilator fibres, both lack 


experimental support. 

It is already known that in intact human beings distension of the 
bladder increases the rhythmic activity of the rectum (Denny-Brown and 
Robertson, 1933b). We have frequently noticed movements of the bowels 
with expulsion of the rectal thermocouple during distension of the bladder. 
The experimental work of Svien and Mann (1943) on animals suggests 
that the effect of distension of the bladder is, however, to inhibit the 
activity of the jejunum and ileum. Further studies in intestinal activity 
should throw light on digestive disorders in these patients. 

Sweating was found, in confirmation of the findings of Head and 
Riddoch (1917), as one of the prominent effects of bladder distension. 
Indeed, in upper thoracic and cervical lesions, it represents an outstanding 
and regular component of the autonomic responses to any intrinsic 
stimulus. As shown in the cases described, sweating involved face, neck, 
upper limbs, and chest, and, to a lesser degree, the trunk. In none of 
these high lesions did sweating progress beyond the 10th or Ith 
thoracic dermatomes, and the lower limbs remained dry. Similarly, brisk 
vasomotor reactions to bladder distension in the upper extremities, with 
much less change in the lower extremities, have also been seen (figs. 12 
and 24). On the other hand, in patients with mid-thoracic lesions, sweat- 
ing elicited by bladder distension was not found to be a regular com- 
ponent of the autonomic response. If present in these cases, it involved the 
distal part of the trunk and the lower limbs. These findings suggest that 
the distribution of sweating, due to bladder distension, depends largely 
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on the distance of the spinal lesion from the cervico-thoracic and thoracico- 
lumbar junctions respectively. In certain cases, the part of these spinal 
sudomotor centres nearest to the lesion may show an especially marked 
degree of irritability, resulting in a ready and exaggerated response to any 
intrinsic stimulus. This would explain the band-like area of hyperhidrosis 
found in certain dermatomes, as shown in fig. 7. 

In lesions at T.4 or T.5, and, as described by Head and Riddoch (1917), 
even in a case of T.7 sweating in face and neck, due to bladder activity, 
cannot be attributed to the activity of fibres arising from the part of the 
spinal cord below the level of the lesion. In such cases, sweating can be 
explained as part of the thermoregulatory response mediated by efferent 
fibres arising from above the spinal cord lesion. 


Some sensations aroused by distension of the bladder are recognized 


by the patient as due to a general vascular disturbance. An intelligent 


officer said: “I always know when my bladder is full because my heart 
starts to pound and to beat very slowly against resistance.” A patient of 
Professor Lhermitte’s said that he knew when his bladder was going to 
empty because his ears became red, as in fact they did (Personal com- 
munication). It is more difficult to interpret the ill-defined ascending sen- 
sations in the mid-line of the abdomen and trunk, experienced by some of 
these patients, and also, in the case of a complete lesion at T.3, the sen- 
sations localized in the penis and bladder region. It is possible, and even 
probable, that pathways of long extramedullary course play some part in 
the mediation of sensations evoked by distension of the bladder (cf. Foerster, 
1937). 

It is perhaps worth emphasizing that we have seen nothing corre- 
sponding to the case quoted by Foerster (1937) of a patient with a mid- 
thoracic lesion, in whom cutaneous stimuli below the level of the lesion 
produced vasoconstriction in the fingers. We have not used cutaneous 
stimuli, and our visceral distension may have produced a more extensive 
vasoconstriction below the level of the lesion than occurs with cutaneous 
stimuli. In our experiments, the response in areas supplied with sym- 
pathetic fibres from above the level of the lesion has always been a 
vasodilatation. 

These observations have emphasized the importance of the réle of the 
nervous system in the maintenance of a stable internal environment. 
After complete lesion of the spinal cord, this regulatory function becomes 
increasingly deficient the higher the lesion of the spinal cord. In parti- 
cular, the failure to regulate blood-pressure, blood flow and body tempera- 
ture is not only responsible for imposing limitations on the activity of a 
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paraplegic, but also results in the development of widespread abnormal 
reactions of autonomic mechanisms to visceral activity in the paralysed 
parts of the body. Certain components of the autonomic reflex responses 
occurring above the level of the lesion, such as flushing, sweating in face 
and neck, blockage of nasal air passage, and headaches, represent alarm 
symptoms indicating abnormal activity of a viscus in the anesthetic area 
below the level of the lesion. Their correct recognition by medical and 
nursing staff is an important guide for immediate and appropriate action. 


SUMMARY. 

The relation of bladder distension to sweating and cardiovascular 
activity—in particular, blood-pressure and peripheral blood flow—has been 
studied in patients with spinal lesions. 

In all patients with a complete lesion above L.2 and intact isolated 
spinal cord, distension of the bladder is followed by constriction of the 
blood-vessels of the toes. In patients with lesions at or below T.6, this 
vasoconstriction in the toes is accompanied by vasodilatation in the fingers. 
The blood-pressure rises to a slight extent. 

In patients with complete lesions at or above T.5, vasoconstriction of 
the toes is accompanied by vasoconstriction in the fingers and a very large 
rise in blood-pressure. A marked decrease in pulse-rate and changes of 
rhythm in the electrocardiogram, in particular extrasystoles and increase 
in the size of the U wave, are observed. A remarkable vasodilatation in 
the neck, face and nasal mucosa occurs at the same time. The vasodilatation 
of the nasal mucosa may lead to complete blockage of nasal air passage. 

Sweating represents an outstanding component in the symptomat- 
ology elicited by bladder distension. The distribution of sweating 
depends largely on the distance of the spinal lesion from the cervico- 
thoracic and thoracico-lumbar junctions. 

The mechanism of the cardiovascular and sudomotor disturbances is 
discussed. 

The importance of the clinical recognition of certain components of 
the reflex response of autonomic mechanisms as alarm symptoms of 
abnormal visceral activity in the paralysed part of the body is emphasized. 
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DYSPROSODY 
OR 
ALTERED “MELODY OF LANGUAGE.” 
BY 


G. H. MONRAD-KROHN. 


(Neurological University Clinic, Oslo-Serie 2, nr. 154.) 


WE still fail to take a sufficiently comprehensive view of the problem of 
aphasia. Not only is our research inadequately linked up with clinical ob- 
servations, embracing every type of psychosomatic function, but we are 
still too apt to forget Hughlings Jackson’s words: “the aphasic patient is 
speechless, not wordless.” 

Normal human speech in civilized countries is indeed a very complex 
performance, which does not simply and solely consist in finding the ‘ap- 
propriate words and pronouncing them correctly. An analysis of spoken 
language reveals the following elements, all necessary—if not of equal 
importance—to normal speech : choice of the correct words and their precise 
articulation; correct inflection of the words; correct placing of the words in 
the sentences; correct placing of stress upon syllables and words within the 
sentence (including prolongations); natural rhythm, pauses and rate of 
speaking (rhythm and speed should perhaps be listed as two different ele- 
ments); natural shifting of pitch from syllable to syllable and from word 
to word, some being pronounced on a higher, some on a lower note, varying 
from sentence to sentence (the pitch rising and falling, gradually or 
abruptly); accompanying mimicry and gesture. 

The last four elements, except mimicry and gesture, constitute, what 
I propose to Call the prosodic quality of speech. 

They are of great importance in conveying the meaning of the speaker, 
particularly the more subtle shades of meaning, and are therefore to be 
considered as psychosomatic functions, showing considerable individual 
and racial variations. They are less tangible and therefore more difficult 
to analyse than words and the grammatical construction of language. This 
is probably one of the reasons, why in the neurological clinic we have not 
given these functions and their disturbances the attention they deserve. 
Critchley (1939) has dealt with mimicry and gesture, and whilst gramma- 


tical and syntactical errors of speech have been extensively studied by 
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Arnold Pick (1913), who coined the term “a-grammatism,” we find but 
little in the literature about “accent” or melody of language.! 

Thus Pick also appreciated the musical aspect of spoken language; but 
very little has to my knowledge been published concerning the melody of 
language and its pathological disturbances. This may perhaps be due to 
the comparative rarity of such disturbances. Isserlin (1936) wrote: “Es 
liberrascht immer von neuem feststellen zu kénnen, dass schwer para- 
grammatisch entgleisende Kranke mit ungemein ausgepragter und natiir- 
licher Satzmelodie sprechen. Dies gilt besonders von den _ redseligen 
ailteren Kranken; aber auch jiingere, mehr wortkarge Personen, wie ich 
solche unter den paragrammatischen Kriegsverletzten beobachten konnte, 
zeigen eine verhaltnismassig wenig gestoérte Sprachmelodie.” In his great 
work on Amusia Ustvedt (1937) just mentioned one patient who spoke with 
a foreign accent, but he did not enter into any closer analysis of this 
peculiar feature. 

It is with a disturbance of these more subtle elements of language— 


“the melody of language” —the stressing of syllables and words, the rhythm 


and the shifting of pitch, that this present paper deals. A short description 
of a case in point will be given. 

First a few more general remarks are necessary on stress and pitch. 

In all languages there are three kinds of accent: (1) musical, chromatic 
or pitch accent, depending upon the musical pitch; (2) emphatic or stress 
accent depending upon the strength of voice employed; (3) time accent 
depending upon the amount of time occupied in uttering a vowel, syllable 
or a word. 

In different languages and dialects the relations between these three 
elements vary a great deal. The pitch may be uniform, rising or falling. 


'In a short paper Arnold Pick (1919) described an interesting case: A young 
Czech, aged 29, sustained a stroke followed by a right-sided hemiplegia and aphasia. 
As he regained his speech his accent became more Polish than Czech. (The prin- 
cipal characteristics of Polish in contradistinction to Czech are, according to infor- 
mation obtained, the following: the accent is laid on the last syllable but one, 
while in Czech it falls on the first syllable; the vowels are all short, while the 
Czech language has both long and short vowels; a softer pronunciation of the 
consonants S, Z, c; a nasal quality in certain vowel-sounds.) 

In addition to showing this altered accent, the patient's speech was slow and 
non-grammatical. He could no longer play the concertina nor sing. It transpired 
that during the first war the patient had been stationed in Poland for quite a 
long time. Thus environmental influences could not be excluded with the 
same certainty as in my case, here to be recorded. 

Unfortunately, when Pick later on wanted to follow up the case, he found 
that the patient had died, and no autopsy had been performed. 

In this same article Pick also briefly mentioned another case of altered accent 
coupled with agrammatism, and he emphasized this association. 
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Or there may even be combinations of rising and falling, or falling and 
rising, on the same syllable. (In Norwegian a changing—generally falling 
—pitch on one and the same syllable is called a “two-syllable accent”—an 
important distinguishing mark between some words—see later.) The elu- 
cidation of the accents as an element in normal language apparently re- 
quires further study. (“The relations between two accents in the same 
language at the same time is a subject which requires further investigation.” 
“Besides the accent of the syllable and of the word, there remains a more 
complicated problem, the accent of the sentence.”—Encyclopedia Britan- 
nica 1929). 

In old Greek the musical or pitch accent is supposed to have been the 
main one, whilst in modern Greek—and in fact in most modern European 
languages the stress accent (the accent of strength) has supplanted the 
pitch accent. 

Yet even in modern languages there is a marked variation of pitch in 
nearly every sentence. In French it is particularly noticeable and may 
amount to an octave. Thus, Maurice Grammont observes: “L’intervalle 
entre la note la plus haute d’une phrase et la plus basse varie ordinaire- 
ment entre une quinte et une octave.” 

If we take a sentence, such as the question “What are you doing?” and 
pronounce it first with a rising pitch towards the end and a slight stress on 
the last word, and then pronounce it with a marked stress and a lowered 
pitch on the second word, we at once perceive an alteration in the meaning. 
When one takes the emphatic short affirmative sentence “It is,” the stress 
is decidedly on the second word, which is also slightly prolonged; but it 
makes a difference to the meaning if the pitch is raised to a higher note or 
dropped to a lower one. In the latter case it acquires a shade of resigned 
acknowledgment, whilst a higher pitch on “is” would be more appropriate 
to a joyful or a sensational assertion, the accompanying mimic expression 
differentiating between the joyful and the sensational. Again if the sen- 
tence “it is” is pronounced with a stressed and higher pitched, but now 
shortened “is,” the sentence becomes a question. 

All questions which can be answered by a simple “yes” or “no” have 


as a rule a gliding upwards of pitch towards the end of the sentence, e.g. 


“Is he getting better?’ This seems to apply to most languages, and hence 
C / c c 
represents, we presume, a very primitive mechanism. 
If a question be introduced with a “Why” the pattern as regards pitch 
is yet another one. 
If, however, the name or the title of the person spoken to is added, the 
whole “melody” is altered, e.g. “Is he getting better, doctor?” Here the 


BRAIN—VOL. LXX 28 





408 G. H. MONRAD-KROHN 


rise of pitch is shifted to the last word (“doctor”) and there is a lowering 
of pitch on the preceding four syllables (“getting better”). Some individual 
differences obtain, however. Again in the sentence, “What have you been 
doing?” the meaning may be totally altered, and a simple demand for 
information may be changed into an accusation or even reproach by 
stressing and raising the pitch on “have.” Again a subtle nuance may 
be obtained by stressing “you,” and at the same time altering its pitch. 

At the close of a sentence or a period the pitch is generally lowered as 
a sign of finality. If it is raised it creates an expectation of something 
more to follow. 

Finally a deliberate absence of alteration in pitch may indicate a cold, 


unsympathetic attitude or even an attitude of cold hostility. This is why 


some patients with paralysis agitans having lost their “melody of language” 
(or—as I prefer to call it—their “prosodic faculty”) may give a false im- 
pression of unfriendliness, which is further accentuated by their lack of 
facial expression (hypomimia or amimia). To what extent the prosodic 
element of speech may influence the meaning will also be gleaned from 
the following examples : — 

If, talking about a third person, one says “Yes, he is clever,” stressing 
the second word, it is a straightforward and emphatic acknowledgment 
of the person’s ability. 

If, however, you say: “Yes, he is clever,” stressing the last word and 
at the same time raising the pitch (preferably also prolonging the pause 
after “yes” a little) a slight innuendo is sounded, as much as to say “Yes, 
he is clever—but—(some other good quality may be missing).” If 
again you pronounce the very same sentence with the main stress and 
slightly raised pitch on the second word “Yes, he is clever,” the inference 
will be that somebody else (of his family, his circle or his firm, etc.) may 
not be so brilliant. 

Here the prosodic quality is the real bearer of the meaning to about 
the same extent as the words and the grammatical construction. 

These few examples, which could easily be multiplied, will suffice to 
show that the elements of speech just dealt with have a decided proposi- 
tional value; that they also may give an expression of various emotional 
charges goes without saying. 

These more subtle elements of speech (stress, pitch, rhythm) are very 
firmly rooted in the individual who has learnt his speech in the ordinary 
way. ‘This is easily understood when we consider some particular points 
in the development of language. Here, as elsewhere, the ontogenesis is 
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the repetition of the phylogenetic development; in other words the develop- 
ment of each individual’s language passes more or less through the same 
phases of development as the language of the tribe and the race has passed. 
Now “in primitive forms of speech whole complexes of thought and feeling 


are expressed in single terms. ‘I said it to him’ is one word, ‘T said it to 


her’ another; ‘my head’ is a single term, ‘his head’ a different one” (Logan 
Smith, 1917). When the individual as a child learns to speak (long before 
learning to write) the units of his language are partly single words (mam- 
my, daddy, &c.) and partly sentences, where words, rhythm, stressing and 
pitching of the voice are blended into one. (These sentence units are 
dissolved into words at a later stage). At this primitive stage, a sentence 
spoken with a certain intonation has often no ideational connection in the 
child’s mind with the very same sentence, spoken with a different intona- 
tion, and the single words still less so, As stressed by Hughlings Jackson 
and others, early acquired activities are more tenacious and resistant to 
brain damage than are more recently acquired ones. This is probably one 
of the reasons why disturbances of this kind are so rarely described. They 
probably are rare. 

When, on the other hand, a foreigner learns to speak our language he 
generally passes the various stages of development in quite a different order. 
He starts with single words and learns grammatical rules, and last of all 
come these subtle qualities of speech, which for short have hitherto been 
called “the melody of language,” but may more suitably be termed the 
prosodic quality of speech. More often they do not come at all, in which 
case the foreigner speaks with “a broken accent.” 

The question finally arises whether this “melody of language” is a 
musical faculty? In this connection the case, now to be described, may 
afford some help. 

During an air raid at Oslo on September 6, 1941, the patient, a 30-year-old 
woman (Astrid L., discharged 9.10.44), was hit by the fragment of a bomb or a 
shell, was blown off the road and fell down a steep incline of about 8 metres 
height. She was immediately taken to a first-aid station. There was an exten- 
sive defect of the cranium in the left frontal region, through which lacerated 
brain protruded. She remained unconscious for nearly four days. When she 
regained consciousness she showed a right hemiplegia and a complete aphasia. 
Both as regards her motor affection and her loss of speech a slow but steady 
improvement soon began. The first words she could utter were “yes,” and “no,” 
and the pet names of her husband. She was able to sing different songs, e.g. the 
national anthem, before she could recite the words of the songs. Her language 
also betrayed at first a marked agrammatism, which, however, gradually became 
less pronounced, Subsequent to February, 1942, she also had five or six attacks 
of unconsciousness, during which she has fallen (once bruising her forehead 
severely) with twitchings in the right side of her face, and once generalized con- 
vulsions. After the attacks shé was somewhat tearful. 
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She came under my observation about two years after the accident and on 
September 20, 1943, she was admitted to the Neurological University Clinic in Oslo. 

She walked into hospital without any noticeable limp and she spoke quite 
fluently but with such a decided foreign accent that I took her for German or 
French. She complained bitterly of constantly being taken for a German in the 
shops, where consequently the assistants would sell her nothing. One must bear 
in mind the hatred of everything and everybody German that had developed after 
the German assault and occupation without any declaration of war, further accen- 
tuated by the atrocious behaviour of the “Gestapo.” She was born at Nordstrand, 
outside Oslo. Her parents came from the district of Solér and her husband from 
Oslo. She had never been outside Norway and never had anything to do with 
foreigners. 

On examination an extensive scar was found in the left fronto-temporo-parietal 
region. There was a corresponding defect in the cranium, which is clearly seen 
in the radiogram of the skull (see fig. 1). 


There was a slight left ptosis and the left pupil was slightly larger than the 
The jaw deviated slightly to the left when she opened her mouth. 
There was slight retardation of the movements of both the right limbs and very 
The tonus appeared to be normal. 


right one. 


slight loss of power in the right lower limb. 
There was no disturbance of co-ordination, nor sensory loss. There was an 
extensor plantar response on the right side. The deep reflexes were brisker in 
the right limbs than in the left. The abdominal reflexes were equal. Immediately 
after an attack with generalized convulsions, observed in the clinic, the abdominal 
reflexes were found to be weaker on the right side; at the same time an extensor 
plantar response was obtainable on both sides. The stance and gait were normal. 
She was subjected to a complete psychosomatic examination, according to the 
system of tests employed in my clinic.'. In the tests of group I (for perception 
as evidenced by spoken response) she showed some paraphasia and jargonaphasia, 


!“Clinical Examination of the Nervous System,” 8th edition, pp. 262 to 280. 
; PI 
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but she did not actually fail in any test. Only in the tests of subgroup I, 2.c. 
after some hesitation she said ‘“such—matches” instead of “match-box,” and 
‘light the lamp with” instead of electric switch. In the tests of group II (for 
perception as evidenced by written response) there was considerable literal para- 
graphia and some perseveration. (Instead of “mandag, tirsdag, onsdag, torsdag. 
fredag, lérdag,” she wrote “manted, firstud, onstad, torstad, fretad, fortad”) and 
she failed completely in a number of tests of this group. When writing she spelled 
aloud or whispered the words before writing, thus showing a regression to a more 
primitive stage of development. She seemed to have more difficulty in writing 
with capital letters. The tests of group III (for perception as evidenced by 
“practical” response) she managed well. It was noticed, however, that she con- 
stantly repeated the examiner’s requests aloud before carrying them out. In her. 
spontaneous speech there was some agrammatism, both in the choice of pronouns 
and in the formation of sentences. She seemed to avoid complicated sentences. 
Her agrammatism was not severe, however. 

What above all characterized her speech was her broken foreign accent, her 
completely changed “melody of language.” 

This change in her language is difficult to describe. Her melody of language 
could not be said to be constant, it varied somewhat from time to time. But 
she never had the natural Norwegian accent when she had to link several words 
together into a sentence. 

What particularly struck me in my first interviews with the patient was that 
in short sentences like “Jeg sa det” (“I said it”) she pronounced the final pronoun 
slightly over-emphasized and with a raised pitch of voice instead of with a lowered 
one. In other similar short sentences as “Jeg tok den” (“I took it”) she did the 
same thing (slightly over-emphasizing and raising the pitch on the last word) and 
failed to amalgamate it with the previous word (tok4n) as is the natural habit 
of the natives of Oslo and surroundings to do. 

Very often she inappropriately raised the pitch at the end of the sentence 


instead of lowering it. 
These were some of her principal and most common offences against the intrinsic 
prosody of the language, as spoken in the district of Norway, where she was born 


and had always lived. 

The variations of pitch had by no means disappeared. On the contrary they 
were rather greater than usual in Norwegian, but they were neither adequate 
nor quite constant in their inadequacy. In fact one felt at times tempted to 
characterize her language as an “ataxia” of the prosodic faculty. 

In respect of her musical faculties nothing abnormal could be found. Her 
sense of rhythm, as tested by drumming on the table, seemed to be excellent. 
When the examiner hummed the beginning of any well-known tune, she joined 
in at once and continued by herself correctly as to time and tune. She was never 
heard to sing a false note ‘or out of tune. She could give the names of several 
well-known tunes. Some of them, but not all, she could sing with correct words. 
Those that she could not name correctly or sing with correct words, she could 
hum. At request she could sing a fair number of songs quite correctly with a 
musical voice and correct rhythm. Her sense of melody as evidenced by humming 
thus did not seem to be impaired in the slightest degree. 

Nevertheless the melody of her spoken language was profoundly altered. As 
regards her mental state we could not find anything markedly abnormal. Her 
attitude to her dysphasia was an apologetic one. When she found that she was 
speaking an unusual language she smiled apologetically in a disarming way. She 
seemed alert and responded adequately to any situation. She was quick to tears 
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and to laughter. Perhaps she was slightly euphoric and a little childish at times. 

Her husband, a very considerate man, who watched her closely and lovingly, 
described her as having a very gentle disposition. Since the accident he had 
noticed some change in the way that she would laugh and cry more readily than 
before. She is a trifle more hilarious than she used to be, and not quite so well 
controlled in all her actions as before: thus, when suddenly discovering something 
or somebody, she pointed with her finger at people, which she had not done 
before. (This gesture may be a remnant of a natural attempt at compensation, 
which developed during the time her speech was more hampered, and this can 
therefore not be considered as necessarily being a sign of deficient (?) “frontal” 
control.) He described her as still very easy to get on with. He had not noticed 
any impairment of memory, apart from an amnestic defect for the accident. 

He had noticed that at first, when she was studying a cooking recipe, she had 
some difficulty in grasping the matter when reading, but she could understand 
easily when he read the recipe aloud to her. 

The cerebral defect is seen from the encephalograms (cp. figs. 2 and 3). 


On readmission to the clinic September 21, 1944, a slight but distinct defect 
in stereognosis was found in the right hand, there being a difference between the 
right and the left hand as regards the quickness with which she recognized different 


objects. 

A steady improvement seemed to be taking place. This may be illustrated by 
the following observation. In the Scandinavian languages there are two kinds of 
accents, viz. “one-syllable-accent” and “two-syllable-accent” (the pitch gliding down 
on the same syllable in the latter). Bdénder (meaning peasants) has the accent on 
the first syllable and the d is not sounded. Bénner (meaning beans or prayers) also 
has the accent on the first syllable. Yet the accent on the first syllable of “bénder” 
is a one-syllable one; but a two-syllable one in “bénner.” A good test for the 
melody of language can thus be had in Norwegian by asking the patient to say: 
“Boénder plukker bénner” (meaning “peasants pick beans”). 

When this test was tried on the patient on September 30, 1944, she could 
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not apply the accents correctly. But on November 9, the same year, she managed 
the test quite well. It is probable that she had practised this, as it evidently 
annoyed her to fail at this test. 

On October 2, 1944, a small bony sequestrum was removed from the scar in 
the left fronto-temporo-parietal region at the neurosurgical subsection of my clinic 
by Dr. Torkildsen. 

The patient has recently given birth to a boy and is in good health. 


DIscuSSION. 


The remarkable feature of this case is that in recovering her speech the 


patient acquired a broken, foreign accent, which could not be accounted 


for by any environmental influence. 

First it must be emphasized that her disturbance of accent did not 
consist in a mere loss of the melody of language. Her language had indeed 
a melody; but one which though varying was always quite different from 
that of her husband's and her compatriots, with whom she had solely con- 
sorted. It can with certainty be ruled out that her language had been in 
any way influenced by consorting with any foreigner. And it was a pro- 
found tragedy to her than on account of her accent she was continuously 
being taken for a German by persons who did not know her. It made her 
unpopular and rendered shopping difficult, so she had every emotional 
and practical reason to try to combat this foreign accent which had grown 
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upon her. It seems as though with time the foreign accent is slowly 
vanishing. 

How is this peculiar disturbance to be explained? If it had been a 
mere Joss of the melody of language it might be justifiable to assume that 
the lenticular nucleus had been involved. In paralysis agitans and other 
extra-pyramidal lesions one has repeatedly seen a blotting out of the 
melody of language amounting to its complete loss. In fact during the 
German occupation of Norway I have observed a female in-patient with 
an extrapyramidal motor disturbance (D. P., discharged 14.11.46), who 
much to her dismay was also taken for a German on account of the loss 
of melody of her language and the marked retardation of her speech. 

But obviously an alteration cannot be explained in the same Way as a 
loss of the melody of language. So as regards the peculiar alteration of 
language here described no obvious explanation presents itself. 

It is suggested that there is a fundamental difference between a simple 
loss of the melody of language (prosodic quality), as occurs in many 
patients with paralysis agitans, and an alteration of that melody, such as 
this present patient presents. It is of great interest that despite her altered 
-one might say her false—melody of language, her musical faculties are 
remarkably good. The “melody of language” therefore can hardly be 
regarded as a specifically musical expression. It seems to be more closely 
related to the propositional factors in speech than to musical faculties. It 
is also evident that many unmusical persons, utterly devoid of any musical 
faculties, both appreciative and expressive, may yet have a well-developed 
“melody of language” in their speech. 

“Melody of language” therefore is not a good term. We should rather 
call it the prosodic quality of speech. For the disturbance here described 
one may venture to coin a new name “dysprosody” in order to avoid con- 
fusion with disturbances of the musical faculties, which would be incorrect 
in the light of the findings in this case, where the “prosodic faculty” was 
disturbed, yet the musical faculties were intact. By the term prosodic 
faculty is understood that faculty of spoken language which consists in 
correct placing of pitch and stress on syllables and words. This placing 
of pitch and stress is part and parcel of the spoken language and is, as 
shown, responsible for conveying subtle changes of meaning independently 
of words and grammatical order. The prosodic faculty is a particular and 
important factor of the spoken language. It has a distinct and important 


propositional value, independent of words, grammatical construction and 


of musical faculties. 
Though an early acquisition. and therefore firmly rooted, it is deve- 
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loped throughout life in connection with intellectual and perhaps emo- 
tional needs, reaching its highest level in rhetoric and intellectual conver- 
sation. 

I have no intention of trying to localize this “prosodic faculty” to 
those numerous shades of meaning which this prosodic faculty alone can 
convey, co-operation of the whole brain is probably needed. 

Loss of this prosodic faculty on the other hand, which is so often en- 
countered in paralysis agitans and allied disorders, and which may aptly 
be called aprosody (hypo-prosody) is, however, in all probability closely 
bound up with lesions of the lenticular nucleus. That it may also become 
impaired in dementia, where no subtle shades of meaning any longer claim 
expression, goes without saying. But this should not be called aprosody 
any more than the paucity of vocabulary of a demented person should be 
called aphasia. The terms prosody, dysprosody and aprosody should be 
reserved solely for expressive qualities and their disturbances. 

The dysprosody here described is obviously a disorder of a higher func- 
tional level than the aprosody (hypoprosody) of paralysis agitans. 
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EARLY TRAUMATIC EPILEPSY. 
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INTRODUCTION. 
Tue relation between trauma and epilepsy has been a matter of 


observation and speculation, certainly since the Hippocratic work “On 
[Injuries to the Head,” and possibly earlier. It is interesting to note that 
this work clearly records the occurrence of right-sided fits following left- 


sided cerebral injury. The modern era in the study of this problem may 
be considered to have begun with the writings of Bravais, Hughlings 
Jackson and Gowers in the last century. Part of the outlook that they 
introduced was the statistical approach to etiology. Gowers (1881) in a 
series of 3,000 epileptics accepted trauma as the definite cause in 3°6 per 
cent. The occurrence of head wounds in the 1914-18 war stimulated 
interest in the probability of convulsive sequela, and many and widely 
varying figures were put forward. Sargent (1921) reported 4:5 per cent. 
of 18,000 gunshot wounds of head as having epilepsy, while later figures 
were much higher—Credner (1930) recording an incidence of 38 per cent.. 
Marburg (1936), 25 per cent., and Ascroft (1941), 34 per cent. 

These wide differences are largely explained by the type of injury 
investigated. In wounds penetrating the dura and involving the brain the 
figure is higher than in closed head injuries. The definition of the term 
“epilepsy” also affects the figures. Sargent’s (1921) incidence was from 
Ministry of Pensions sources and therefore likely to exclude doubtful 
cases, while Marburg (1936) included certain cases of “dizziness” in which 
he thought the evidence of epileptic ztiology convincing. Ascroft (1941) 
also covered a wider field than frank convulsions. On the whole it seems 
likely from these reviews that in wounds which penetrate the brain about 
one-third will develop epilepsy, and the figure may well be higher. Russell 
(1947) reviewing cases treated since the advent of penicillin and sulphona- 
mides which tends to reduce the incidence of infection and consequent 
scarring, reports that of 200 gunshot wounds of brain in the 1939-45 Wat 
16 per cent. developed epilepsy during an eighteen month period after 
wounding. This figure must be regarded as provisional, as more may yet 
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have fits. But it may usefully be compared with previous figures, when 
taken in conjunction with Baumm’s (1930) finding that two-thirds of 247 
post-traumatic epileptics developed their fits in the first two years, and 
with Marburg’s (1936) that 50 per cent. developed within the first six 
months. 

Observations are less numerous on the more limited problem of early 
post-traumatic epilepsy. The term is usually applied to attacks occurring 
within the first few days after injury (Symonds, 1935), though Elvidge 
1940) limited it to those within the first twenty-four hours. Adie and 
Wagstaffe (1918) reporting on the immediate effects of gunshot wounds 
‘f head, stated that only 5 per cent. showed early fits. Cushing (1918) in 
: detailed record of 219 head wounds noted 13 cases (5-9 per cent.). Ascroft 
1941) found 15 of his series of 317 similar cases (4°7 per cent.) had fits 
vithin the first week. 

When penetration of the dura occurred the general incidence appeared 
o be greater. Thus in Cushing’s series 9 of 133 cases with torn dura 
6°8 per cent) had early fits, and Credner (1930) reviewing 1,990 cases of 
iead injury from war wounds found 41 early epileptics in 330 cases with 
venetrated dura (12°4 per cent.). In “blunt” head injuries from civilian 
auses the figure is lower. Elvidge records only 7 cases with fits in the 
irst twenty-four hours after injury, in a series of 362 cases of acute head 
njury from civil practice, a percentage of 1°9. 

The study of this aspect of epilepsy is not entirely academic. Elucida- 
ion of the factors causing early post-traumatic epilepsy may be expected 


o shed some light on the etiology of epilepsy in general. Further, when 


these early cases are adequately’ followed, the possibility of later or per- 


sistent attacks may be established and give a valuable early prognostic aid. 
Both these points have already received some attention. 

It has been noted that dural penetration increases the incidence of 
these early fits. When this is absent, as in “closed” head injuries, it is 
isually assumed that subarachnoid bleeding contributes to the attacks 
Symonds, 1935). Both these findings are indications of probable damage 
to the cerebral cortex. The localization of the damage has been studied 
only for traumatic epilepsy in general. It is not always clear in these 
studies whether the localization refers to skull or brain. The correspon- 
lence of skull areas to cortical areas beneath may vary widely between 
ndividuals. This is a constant difficulty in trying to localize brain 
lamage from site of external wound, and appears to be underestimated 
n many previous reports. Unfortunately neurological abnormality may 
ilso be a misleading indication of site of cortical damage when wounding 
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of deeper structures has also occurred. A combination of locality of 
external wound and neurological signs seems to be generally used to 


arrive at what is considered to be a brain localization. 

Turner (1923) considered that parietal wounds show a higher epileptic 
incidence than others. Of his 38 cases of epilepsy 16 were parietal wounds, 
10 frontal, 9 occipital and 3 temporal. These figures do not necessarily 
support his contention as he did not mention the total number of wounds 


in each area from which these epileptic cases were drawn. However, 
Steinthal and Nagel (1926) and Baumm (1930) giving percentage of epilepsy 
to the total number of wounds in four main regions—frontal, parietal, 
temporal and occipital—did find the incidence highest in the parietal 
area. Ascroft also concluded that wounds in and around the Rolandic area 
are most often followed by fits. and polar wounds least often. However, 
Credner’s (1930) findings in an analysis of 1,037 wounds with torn dura, 
showed little difference between frontal and parietal regions. In a total 
epileptic incidence of 43:2 per cent., frontal wounds showed 45 per cent., 
parietal 47:3 per cent., temporal 36°7 per cent. and occipital 32:3 per cent. 

Allowing that trauma plays a major part in the causation of “traumatic” 
epilepsy, the adjuvant effect of constitution must also be considered. Cobb 
(1932) had already: raised this point in his study of family histories in 
traumatic epileptics, and his figures suggest that predisposition is a signi- 
ficant factor. Feinberg (1934) clearly recognized this ztiological problem. 
He investigated a series of cases of epilepsy following head injury, and in 
half of them, where family or personal history was positive and trauma was 
slight, he dismissed injury as the causative factor. Symonds (1935) in a 
review of “closed” head injuries, cut the Gordian knot by using evidence 
of actual cortical injury as a criterion. He considered that if the cortex 
had been injured then the epilepsy was traumatic. Wilson (1940) admitted 
the difficulty “to what extent epileptic evolution after trauma may be 
influenced by pre-existing factors of a hereditary or personal kind is difficult 
to judge. The point is constantly overlooked.” Although marked brain 
damage, and especially meningocerebral scarring, may be expected to cause 
epilepsy even in these of quite unaffected stock, it would be surprising if 
after similar trauma the incidence was not higher in those with a consti- 
tutional predisposition. 

Soon after the 1914-18 war, the general opinion was that early fits did 
not indicate a greater probability of late epilepsy. Turner (1923) stated 
that although patients with a history of convulsions immediately after 
wounding in some instances develop epilepsy, such a sequence is rare. 
He recorded 10 instances of Jacksonian attacks within a few hours to eight 
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months of trauma, of which 6 had no fits at follow-up two to four years 
later, 3 had occasional Jacksonian attacks, and only | had grand mal 
epilepsy. Wagstaffe and Adie (1918) also considered that these early cases 
are not more likely to develop late epilepsy than those showing no early 
attacks. 

Later views were more cautious. By 1928 Wagstaffe considered that 
established epilepsy was more common in those showing early Jacksonian 
attacks, and Baumm appears to concur in this view. Symonds (1935) 
admitted that the occurrence of early attacks indicated an increased risk 
of late epilepsy. Elvidge (1940) thought that cases with marked permanent 
brain damage would be more susceptible. But Ascroft (1941) still con- 
sidered early attacks of little prognostic significance. These figures are 
chiefly gained by inquiring for the occurrence of early attacks in known 
cases of established epilepsy. The subsequent course in a series of known 
early convulsions does not appear to have been recorded. 

In general, opinions still differ on the etiological factors in traumatic 
epilepsy and the prognostic value of early fits, and figures are available to 
support the varying views. It therefore seemed worth while to study the 
incidence of early epileptic attacks and the subsequent course of these 
cases in a series of missile wounds of the head with penetration of dura and 
brain, and to attempt an assessment of local and constitutional factors. 


Case MATERIAL. 

The material studied falls into two groups. The first consists of 29 
cases of early epilepsy occurring amongst 434 consecutive gunshot wounds 
of brain personally observed twelve to forty-eight hours after wounding 
(an incidence of 6:7 per cent.): the second of 23 cases found amongst the 
records of some 400 brain wounds evacuated to a base hospital within a 
few days of wounding. 

Early epilepsy of a motor type only was recorded. Cases of sensory 
attacks were not included, though some occurred. Tonic mid-brain fits 
and cases showing intermittent decorticate posture were not included. 
The point is mentioned, as such cases were usually reported by the nursing 
staff as epileptic. The phrase “early attacks” needs definition. It is used 
here in a physiological rather than a purely temporal sense. Attacks that 
occurred while the clinical condition of the patient and the state of the 
wound suggested that brain oedema, local vascular change or actual brain 
debris were still present, were considered as early. Such a definition seems 
comparable to the usually accepted “first few days” and less arbitrary than 


Klvidge’s first twenty-four hours. The time incidence for the two groups 
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may be seen in Tables I and II. The longest interval after wounding was 
eleven days. No cases of fits occurring pre-operatively were observed in the 


first group. In the second, 6 such cases were noted. 

Types of attack.—Eleven cases had focal Jacksonian attacks only, 10 
had a focal onset spreading to a generalized attack, 3 had a condition of 
partial continuous epilepsy, and 28 had generalized fits without focal onset, 
of which one proceeded to status in which he died. Twenty-one had more 
than one fit—the fits occurring for periods of two to seven days. Details 
of the types of attacks may be seen in Tables I and II. 


Fic. 1.—Site of wound in relation to skull. F = frontal, which includes the area 
forward of a line joining the middle of the zygomatic arch and the bregma 
(generally the line of the coronal suture), O = occipital, the area behind a line 
joining the posterior edge of the mastoid and the lambda (generally the line of the 
occipito-parietal suture). P = parietal, the area between frontal and occipital fields, 
with T = temporal area, demarcated by a line joining the edges of the occipital and 
frontal areas and passing through the highest point of the squamo temporal suture. 


Site and extent of wound.—The assessment of the exact site of brain 
wound is impossible, except in autopsy specimens. However, a combina- 
tion of skiagraphically demonstrable foreign bodies and bone chips with 
clinical signs and operative findings can give some indication. On such 
a basis the probable site of injury to surface area of brain for the two 
groups of cases is given in Tables III and IV. The terms frontal, parietal. 
temporal and occipital are established in the literature of this subject, and 
are therefore used; though a more satisfactory nomenclature for wounds 
where orientation cannot be made by electrical stimulation of the cortex, 
might be by reference to measured distances from fixed bony points. The 
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areas designated are shown in relation to the skull in fig. 1. As used 
here, frontal refers to areas forward of Brodmann’s area 6—areas 9, 10, 11. 
and parts of areas 8, 45, 46 and 47; temporal to the temporal lobes— 
areas 20, 21, 22, 37 and 38; parietal to the region from area 6 backwards 
to areas 7 and 39; occipital to areas 17, 18 and 19, and parts of 39 and 37. 
The use of Brodmann’s areas in defining these wounds may be criticized as 
the architectonic basis for such divisions has recently been called into 
question (Lashley, 1946). However, they remain for the time being, a 
convenient lingua franca of cortical localization in a purely topographic 


sense, and are so used here. 


Fic. 2.—Probable areas of cortical damage in first group of 29 cases. Figures within 
each outlined area refer to case numbers. (Modified from Baldrey and Penfield). 


Figs. 2 and 3 give the estimated site of cortical damage in the two 
groups. Further details of the site of wound are given in the appendix. 
but the limited occuracy of these assessments must again be emphasized. 
Table V shows the distribution of site of wound of the whole 434 cases 
from which the first group of 29 epileptics was drawn, and the percentage 
of early epilepsy for wounds in each area. This information was not 
available for the second group. In this table “basal” wounds referred to 
entry wounds through orbit, face or mastoid process. where cortical damage 
was on the inferior cerebral surface. 


The extent of wound was gauged by the amount of foreign bodies and 
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Fic. 3.—Probable areas of cortical damage in second group of 23 cases. Roman 
figures within each outlined area to refer to case numbers. (Modified from Baldrey 
and Penfield). 


bone chips indriven, and by the area and depth of brain damage shown 


at operation. The more widespread contusional effects of the missile 
wound were revealed by contre coup signs and changes in the patient’s 
responsiveness. In Tables II] and IV, + represents a superficial wound with 
localized depressed bone chips and foreign bodies, and brain damage of 
| to 2 cm. depth; + +, a similar wound but complicated by more extensive 
subdural or intracerebral clot, or involving a wider surface area; 

a deeply penetrating wound of over 3 cm., an extensive furrowing surface 
wound, or a through-and-through wound; + + + +, a wound where bone 
chips or missiles passed across ventricles, where a bursting type of wound 
destroyed widespread cerebral substance, or where extensive intracerebral 
clot complicated a severe wound. Further details on this point also, can be 
got from the appendix. 

Routine operative treatment in these cases was débridement of the 
wound with removal of bone chips, foreign bodies and necrotic brain. The 
wound was then insufHated, in the first group with penicillin/thiazole 
powder, in the second with penicillin/diazine, and the scalp stitched in two 
layers without drainage. The dura was not sutured. Departures from 
this procedure are noted in Tables III and IV. After operation all cases in 
the first group had a five-day sulphadiazine course while in the second, 
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penicillin 15,000 units intramuscularly three-hourly for three to five days 
was given. 

Constitutional factors—In Table VI the incidence of fits or faints in 
the personal or family histories of the first group of cases is shown where 
it could be obtained. Only parents and siblings were included in the 
family history. The occurrence of one isolated faint was not included. 
Only a history of several attacks of loss of consciousness with inadequate 
cause was considered positive. However, a single fit of grand mal or focal 


type was accepted if the story was convincing. The only source of informa- 


tion was the patient himself, so that the data must be considered as incom- 


plete. On the information available + (14 per cent.) had a positive personal 
history, while 8 (28 per cent.) showed a positive family history. These 
facts were not available for the second group. 

Subsequent history.—Fits had not recurred in any of these patients 
when they left observation at periods varying from three weeks to three 
months after injury. They were taking phenabarbitone | grain thrice 
daily at this time. How long they continued was not known. 

Information about subsequent history is more adequate in the first 
group of 29 cases. In this, 3 of the patients died within the first month. 
The 26 surviving patients were followed by letter at a period of two and 
a half to three years after their wounding. The incidence and type of 
epileptic attacks at this time is given in Table VII, together with severity 
of wound, and type of early attack. Similar information from a “follow- 
up” at eighteen months is given in Table VIII for the second group. 

Late epileptic attacks of some sort occurred in 27 cases—52 per cent. 
of the 52 cases. Two types of generalized attacks were accepted as epileptic. 
One in which loss of consciousness was accompanied by convulsions, and 
another in which sudden apparently causeless loss of consciousness without 
movements occurred and was followed by a brief period of confusion and 
sometimes headache. Only 3 cases with late focal motor attacks were 
recorded. Attacks of dizziness or momentary blackouts associated with 
sudden changes of posture were not included. The site of wound showed 
that 7 of 17 frontal, 12 of 19 parietal, 2 of 5 temporal, | of 2 temporoparietal, 
and 5 of 9 occipital wounds had late epilepsy. Eleven of 21 severe (+ + + 
and + + + +) wounds and 5 of 11 superficial (+) ones showed this sequel. 
Of 39 cases with generalized early convulsions 19 had later attacks, while 
of 10 with early focal attacks 5 had later fits. In the group where histories 
were available, of 11 cases with a positive personal or family history of 
epilepsy or attacks of unexplained loss of consciousness, 5 had later epilepsy. 
This occurred in 7 of 16 with-a negative history. Of the total 27 cases with 
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later epilepsy 8 described their attacks as “frequent” while 19 had “occa- 
sional” attacks. The time of onset of the later attacks varied from three 
to twenty-eight months after trauma in 14 cases where this information was 
available. 
DIscuUSSION. 
The incidence of early epilepsy did not seem’ to depend primarily on 
severity “of wound. It was noted in only two of the most severe cases. 


And though the mortality in this group was high many survived the period 


in which early epilepsy occurred. 

It appeared somewhat more frequent in wounds involving large brain 
surface area than in those with deep tracks but small surface damage. 

Sepsis sometimes contributed to its occurrence. In two cases where this 
occurred, tension and spreading of the scar was noted twelve to twenty-four 
hours before the epileptic attack: the wound breaking down twenty-four 
hours or so later. In another, following his first attack, the dressing was 
removed to reveal an apparently healthy scar, but in forty-eight hours the 
wound was discharging. However, in one case with early epilepsy, a late 
cerebral abscess formed, requiring operation two and a half years after 
wounding, but on this occasion the picture was of generalized raised intra- 
cranial pressure with increase of lateralizing signs and no fits occurred. 
In two cases hemorrhage in the wound track was the immediate occasion 
for a fit. 

As regards the site of wound (see Table V) when the total number of 
wounds in each area is considered, no one area shows a significantly high 
incidence of early attacks. A more detailed record of the site of surface 
brain damage for each wound, may be seen in figs. 2 and 3. Attacks 
without focal element were commoner in frontal and occipital wounds, 
while parietal involvement tended to produce a focal pattern of attack. 
Three attacks with focal elements occurred in 17 purely frontal wounds, 
and in | of 9 occipital. While a focal element was present in 15 of 21 
wholly or partially parietal wounds. In only 13 of the 52 cases did the 
attacks remain focal (including partial continuous epilepsy in this group) 
in the other 39, generalized convulsions occurred. This incidence of genera- 
lized convulsions appears to be higher than in previous records (Adie and 
Wagstaffe, 1918: Cushing, 1918: Turner, 1923). This may be due to the 
differing missiles used in the two wars. Many wounds in the 1914 war 
were from rifle and machine-gun bullets, whereas the majority of the 
wounds here reviewed were from mortar fragments, a closer range weapon 
with greater missile velocity on impact. 

In the causation of these early fits, then, laceration of brain surface 
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in any of the four main areas appears to be effective. An attempt at 
further analysis of the traumatic factor in this small series sheds no further 
light on the problem. The time of onset of the attacks suggests that they 
occur when the more widespread, rather than the immediate local effects 
of the cerebral wound are maximal. It is probable that some cases had 
fits immediately on wounding. Unhappily, such cases are perforce 
excluded from this series, as information on the point was not available. 

Sepsis and hemorrhage, which may be viewed as additional traumata, 
May precipitate an attack. But in many cases of comparable wounds, sepsis 
did not give rise to epilepsy; this was also true in a few cases when hemo- 
rrhage occurred. Site of wound may influence the pattern of attack but 
within the limits of accuracy of localization here available, it seems rela- 
tively unimportant in their general incidence. 

In each of these cases the injury acts in a pre-existing milieu of individual 
constitution. Information on this constitutional factor is far from complete 
in these patients. Nevertheless, the figures suggest that so far as pre- 
disposition to epilepsy is concerned, this factor is an important adjuvant 
cause of early attacks. Although none of the patients had a past history 
of overt fits, in 4 of them sudden brief attacks of loss of consciousness 
with inadequate cause, had occurred on several occasions. These attacks 
cannot be definitely labelled epileptic, but electro-encephalographic studies 
have shown that such attacks are frequently associated with the type of 
cortical dysrhythmia found in epileptics. In the family histories, limiting 
the inquiry to parents and siblings only, 3 had a history of fits and 5 of 
faints. In all, 11 cases of the group of 29 had a significant personal or 
family history. This may be compared with an incidence of 10°5 per cent. 
for epilepsy and/or faints (using the same criteria as in this inquiry) found 
in the personal or family history of 200 consecutive cases of closed head 
injury not themselves having traumatic epilepsy, admitted to a special 
military hospital. The figure in the epileptic cases is significantly high. 
This finding is in keeping with Cobb’s (1932) results in an inquiry into the 
family history in cases of apparently traumatic epilepsy. He found that 
epilepsy occurred in 1-4 per cent. of the relatives of 235 traumatic epileptics, 
while the incidence in the relatives of 250 “normals” was 0°26 per cent. 

The subsequent history of these early cases showed that 27 of them 
(52 per cent.) definitely had later epileptic attacks, and this figure may be 
too low, since not all cases replied to “follow-up.” The incidence of late 
epilepsy in all cases in a comparable series of gunshot wounds of brain is 16 
per cent, in the first eighteen months (Russell, 1947). So that it is evident 
that the probability of late epilepsy in those having early fits is increased. 
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The figures suggest that both focal and general early attacks have this 
greater risk. Though when early attacks are focal, later ones are more 
likely to be similarly limited. However, only 8 of the 27 with later epilepsy 
had established fits at the time of follow-up; the others having only in- 
frequent attacks. 

Of 11 cases known to have no late attacks, 7 had only | early attack, 
while of 27 late epileptics, 14 had 1, and 11 more than | early attack. This 
suggests a worse prognosis for cases with multiple early attacks, though 
1 case with 3 early attacks had no later epilepsy. 

It is generaly assumed that meningovascular scarring is an important 
factor in late traumatics epilepsy. However, in 11 of these cases, the 
severity of the wound was not such as to suggest extensive scarring; though 
in the other 15, wounds were more severe and in 4 sepsis had occurred. 

The possibility that early and late attacks have a somewhat different 
etiology, as Sargent (1921) appears to have suggested, would be worth 
further investigation. The histological difference at the site of wound at 
these times is obvious. Similar considerations apply to the causation of 
fits occurring immediately at the time of wounding. These small figures 
suggest that the locality of brain trauma may play a relatively greater part 
than the constitutional factor in later epilepsy. Thus the incidence of 
late attacks in wounds involving parietal area is 13 of 21 early cases, 
compared with 7 of 17 in frontal wounds; while on the constitutional side, 
of 11 early cases with a positive family or personal history, 5 had late 


fits, and in 16 with a negative history, 7 had late attacks. 
The type of late attacks were of four kinds. In 15 cases, major epilepsy 
with convulsions occurred. In 6, “minor” attacks were recorded. These 


attacks were accompanied by sudden loss of consciousness and falling in 
which minor trauma might occur—but there was no record of convulsions 
or of a tonic phase. They sometimes had an aura of “dizziness” or “faint- 
ness,” but they were unassociated with change of posture and unlike the 
momentary visual blackouts at postural change seen so commonly after 
severe closed head injuries. Three cases of focal motor epilepsy were 
recorded. Finally there are two examples of another type of focal attack, 
of considerable interest, as they appeared to be a genuine inhibitory 
epilepsy. One patient had a severe left fronto-parietal wound. His early 
signs were a partial right hemiparesis with a marked dysphasia and some 
dyspraxia. He had three early generalized grand mal convulsions. Within 
six weeks of wounding his hemiparesis had improved markedly, and he 
could name a list of test objects without mistake, though there was still a 
slight syntactical defect. Six months after wounding he began to have 
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attacks of sudden onset in which he would be quite unable to utter words. 
If he attempted to talk only a mumbling noise would result. He considered 
that he knew what he wanted to say at these times, and did not feel con- 
fused. There was no weakness of the leg and no gross weakness of the 
arm. The attacks lasted for minutes to perhaps an hour. He sometimes 
had a warning—a feeling of pins and needles in the right side of face and 
head. The second patient had a wound in the right parieto-temporal region 
at the base of the Sylvian fissure and early showed a left hemiparesis more 
marked in the hand than the leg. Eighteen months after wounding, the 
paresis had recovered sufficiently for him to use the hand in eating his 
meals, but he suffered from attacks of sudden onset in which the hand 
would become limp and useless and he would drop anything that he 
happened to be carrying. The attacks would last for a few minutes and 
clear rapidly. These conform to the pattern of a localized inhibitory 
epilepsy. But an inhibitory element of a more widespread distribution 
is also suggested in the pattern of the “minor” attacks with their sudden 
loss of consciousness, and lack of maintenance of posture. They bring 
to mind the melting away of posture that is noted in experimental stimula- 
tion of the suppressor bands in the cortex of subhuman primates (Hines, 
1936; Dusser de Barenne et al., 1941). The existence of defined areas of 
cortex where stimulation produces mainly inhibitory response is of special 
interest in considering any epileptic process supposed to originate in the 
cortex. When such a process is known at times to be inhibitory or to 
have an inhibitory aura, an attempt to correlate its site of origin with sup- 
pressor bands is required, once these have been defined in the human 
subject. A consideration of figs. 1 and 2 shows that late attacks with nega- 
tive motor features (Cases 5, 10, 15, 18, 21, VI, IX and XXII) appear to have 
no distinctive localization as compared with positive motor attacks. Such 
a finding has little value in these cases, few in number and _ perforce 
inexactly sited. Russell (1947) tentatively explored the matter in cases 
where more accurate data are available, and his findings suggest that there 
are areas of cortex where wounds show a significantly low incidence of 
epilepsy, and others where it is high. The point is one for further investiga- 
tion especially when autopsy material becomes available. 


SUMMARY. 

Fifty-two cases (a group of 29 and another of 23) of early traumatic 
epilepsy in penetrating brain wounds are reviewed. The first group of 29, 
occurring in a consecutive series of 434 brain wounds, represent an inci- 
dence of 6:7 per cent. 





428 Cc. W. M. WHITTY 


An attempt is made to evaluate the importance of traumatic factors— 
site and severity of wound, and constitutional factors—family and personal 
history of epileptic phenomena, in these early attacks. It is concluded 


that site plays little part in their incidence, though it may influence the 
type of attack which occurs. Extent of surface damage may be important, 
and constitutional factors are significant. 

The follow-up of these cases shows that they have a greater likelihood 
of later epilepsy than similar wounds without early attacks. 

Late attacks occur both with and without involuntary movements. 
No distinctive difference in the site of wounds could be seen in these two 


groups. 


My thanks are due to Dr. W. Ritchie Russell and Mr. R. P. Jepson for 
valuable criticism and discussion; also to Dr. R. B. Fisher, of the Depart- 
ment of Biochemistry, Oxford University, for kindly supplying me with 
a statistical demonstration of the significance of the figures for incidence 


of epileptic traits in personal and family histories. 
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TABLE I—TypE, FREQUENCY, AND TIME OF ONSET OF ATTACKS IN 29 EARLY 
TRAUMATIC EPILEPTICS. 


Type Time of Onset Number 
of —_—_____— of 

Case No. attack Post-traumatic Post-operative attacks 

Gn 4 days 3 days 1 

Fe Gn 
Gn 
Fe 
Gn 
Gn 
Fc 
Fc 
Gn 

Ke Gn 
Gn 
F< 
Gn 
14 Gn 

15 Fe Gn 
16 Fc 
17 Gn 
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19 Gn 
20 Gn 
21 Gn 
22 Gn 
23 PC 
24 Gn 
25 Gn 
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27 Fe Gn 
28 Gn 
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Gn General attack. Fe Focal attack. PC = partial continuous 
epilepsy. 
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Il.—Typr, FREQUENCY, AND TIME OF ONSET OF ATTACKS IN 23 


EARLY TRAUMATIC EPILEPTICS. 


Case No. 
I 
II 
III 
IV 
Vv 
VI 
VII 
VIII 
IX 
x 
XI 
XII 
XIII 
XIV 
XV 
XVI 
XVII 
XVIII 
XIX 
5 4 
XXI 
XXII 
ZAI 


Gn = General attack. 


Type 
of 
attack 
Fe Gn 
Fe Gn 
Gn 
Fc 
Fe Gn 
Fe Gn 
Gn 
n 
Gn 
Fe Gn 
Gn 
Gn 
PC 
Gn 
PC 
Fc 
Fc 
Fe Gn 
Gn 
Fc 
Gn 
Fe 


BS 


Time of Onset 


Post-traumatic 


2 days 
3 


ae 
2 hours 
5 days 


ar 


9 
} hour 
? 
8 days 
1 
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- Focal attack. 


epilepsy. 


Post-operative 


3 days 


avon Ui 
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Number 
of 


attacks 
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partial continuous 





EARLY TRAUMATIC EPILEPSY 


TaBLE III.—DeEtTAILS OF WouNDs IN 29 EarLy TRAUMATIC EPILEPTICS. 
Site Extent 
of of Operative 

Case No. wound wound treatment Complications 
F | Routine Nil 
P Routine Nil 
r “+ Late Nil 
P + + FB left Nil 
P sie: ca FB left Nil 
F Long. Sinus torn Nil 
P + + 2nd op. Nil 
T + + + Routine Nil 
O 1 Routine Nil 
P f+ + Routine Sepsis 
F + -+ + Dura repaired Nil 
P + + Routine Nil 
O + Acrylic plate Nil 
F + + Late Hemorrhage 
P os Routine Nil 
F --+ Routine Nil 
O t++ Late 2nd op. Sepsis 
O 4+ + Routine Nil 
F ++ Routine Nil 
} ++4 Routine Sepsis 
r 4 Late Nil 
F -+ Routine Nil 
i +++ Drain Sepsis 
O Routine Nil 
F oe Routine Nil 
F ff fe Routine Nil 
e + + Routine Nil 
P “ Routine Nil 
d + + + FB left Hemorrhage 


F = frontal. P = parietal T = temporal. O = occipital. 





TABLE 


Case No. 


I 

I] 
III 

IV 

Vv 

VI 
Vil 
VIII 
IX 

Xx 

XI 
XII 
XIII 
XIV 
XV 
XVI 
XVII 
XVIII 
XIX 
XX 
XXI 
XXII 
XXITI 
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DETAILS OF WOUNDS IN 


Site Extent 
of of 
wound wound 
ie ee + + 
P Ea 
F 
P 
F 
F 
F 


O 
(es 
O 


frontal. P parietal. T 
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Operative 
treatment 

FB left 
Routine 
Drain 

Drain 
Routine 
Drain 
Routine 
Routine 

Dura repaired 
Drain 
Routine 
Drain 

Dura repaired 
Drain 
Routine 

Dura repaired 
Dura repaired 
Dura repaired 


? 


Routine 
Drain 
Routine 


temporal. O 


EPILEPTICS. 


Complications 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 

Sepsis 
Nil 
Nil 
Nil 
Nil 

Sepsis 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 


occipital. 
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TABLE V.—PERCENTAGE INCIDENCE OF EARLY TRAUMATIC 
EPILEPSY IN EACH REGION IN 434 CONSECUTIVE BRAIN 
WouNDS 


Early ep.in 
all wounds 
Site of Total No. involving Percentage 
wounds of wounds each area with ep. 
Frontal ca 122 9 7° 
Temporal ae 43 2 
Parietal ‘r 182 13 
Occipital si 67 5 
Basal .. a 11 0 
Cerebellar nis 9 0 


TABLE VI.—INCIDENCE OF ‘“ EPILEPTIC’’ PERSONAL OR FAMILY 


History IN 29 Casres OF EARLY TRAUMATIC EPILEPSY. 


Personal history Family history 


Case No. Fits Faints Fits Faints 
an ? > 
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TaBLeE VII.—Typrs or EARLY AND LATE ATTACKS IN WOUNDS OF 
VARYING SITE AND SEVERITY IN 29 EARLY TRAUMATIC EPILEPTICS. 
Site Severity Type of Type of 
Case No. of wound of wound early ep. late ep. 
1 - + Gn ? 
6 Gn 0 
11 Gn ? 
14 Gn Death 
Fe 0 
Gn 0 
Gn Gn 
Gn Gn 
Fc 0 
Gn In Fe 
Gn ? 
Fe Gn Gn 
“Gn 0 
Fc ? 
Fc Gn Mi 
Fc 
Fe Gn Mi 
Gn i 
PC 
Fe Gn 
Gn 
Fc 
Gn 
Gn Death 
‘ Gn Gn 
13 Gn 0 
17 -+4 (§ Gn Death 
18 O + + Gn Mi 
24 O + Gn Gn 
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5 
4 
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3° WY 


9 


| 
v v 


< 


_ 
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7 
10 
12 
15 
21 
23 
27 
28 

8 
20 
29 


9 


il a 
COOKRWH 
CORDA te 


Fc = focal attack. Gn = generalized convulsion. Mi = generalized 
attack without convulsion. In = Inhibitory attack. H =hemorrhage. 
S = Sepsis. PC = Partial continuous epilepsy. O = .no attack. ?= 


follow-up not answered. 
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TABLE VIII.—Typrs oF EARLY AND LATE ATTACKS IN WOUNDS OF 
VARYING SITE AND SEVERITY IN 23 EARLY TRAUMATIC EPILEPTICS. 


Site Severity Type of Type of 
Case No. of wound of wound early ep. late ep. 
I T&P ++ +4 Fe Gn ? 
II P + Fe Gn 0 
II] F + + Gn Gn 
IV Pp i 1 Fc Fe 
V F t Fe Gn Gn 
VI F + + Fe Gn Mi 
VII F 1 Gn 0 
VIII P Gn Gn 
IX F 1. Gn Mi 
xX T + + -+ Fe Gn Fe 
XI O feet Gn Gn 
XII F +++ Gn Gn 
XIII P ++ 4 PC Fc 
XIV F 1 + Gn 0 
XV ‘i ++ PC Gn 
XVI P Fe Gn 
XVII Pp Fe Fc 
XVIII O J Fe Gn ? 
XIX F Gn ? 
XX rT : Fe 0 
XXI O +4 Gn ? 


XXII T&P Fe In Fc 
XXITI O + + Gn Gn 


Fe = Focal attack. Gn = Generalized convulsion. Mi = Generalized 
attack without convulsion. PC = Partial continuous epilepsy. 
O =Noattack. In = Inhibitory attack. ?= follow-up not answered. 


APPENDIX. 
Details of brain wound and clinical state in 52 early traumatic epileptics. 
Clinical findings are pre-operative unless otherwise stated. 


First Group or 29 Cases. 

Case 1.—Wound about |'4 in. above the external angular process of the right 
orbit. F.B. at site of wound. Bone fragments indriven to | cm. No abnormal 
C.N.S. signs. Probable area of cortical damage 10. 

Case 2.—Wound 2% in. above and slightly behind tip of left pinna. No. F.B.s 
present. Bone chips depressed to 1 cm. Mentally confused and drowsy. Slight 
change of passive movement sense in right hand, and right facial weakness. Area 40. 

Case 3.—Wound 3 in. above left pinna. No F.B.s present. Locally depressed 
bone chips, one tearing dura. Brain damage localized. Slight sensory change and 
weakness right hand. Areas 2 and 40. 

Case +.—Generalized peppering of right face and head. One F.B. in region of 
cavernous sinus. Entry high on parietal eminence. Some subdural clot. Left 
hemiparesis, with sensory change. Probably wide superficial damage over parietal 
lobe. 

Case 5.—Wound 2 in. above left zygomatic arch. F.B. had bounced from zygoma 
upwards, backwards and medially, penetrating the brain. Bone chips were 
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extradural. Right hemiparesis, arm more than leg, with dysphasia and sensory 
change right hand. Areas 44, 6, 4. 

Case 6.—Mid-line wound 3 in. above nasion. Course of F.B. not known. 
Longitudinal sinus involved. Bilateral papilleedema. Areas 8 and 9. 

Case 7.—Transverse furrow wound 2 in. long, centre 24 in. above left pinna. 
Bone chips indriven to | cm. Right hemiparesis, arm more than leg, with sensory 
loss in both. Dysphasia. Areas 4, 3, 1, 2 and 40. 

Case 8.—Wound centre 1'4 in. above and | in. behind left pinna. No F-.B. 
Bone chips. to 1 cm. Subdural clot with pineal shift. Marked dysphasis, with 
slight hemiparesis and sensory change right hand. Areas 41, 42, and 43. 

Case 9.—Wound | int to left of external occipital protuberance. F.B, local, with 
superficial bone chips just tearing dura. Right hemianopia. Area 17. 

Case 10.—Wound 2 in. above posterior end of right zygomatic arch. F.B. and 
bone chips to 2 cm. Weakness of left hand and face. Areas 4 and 43. 

Case 11.—Wound centre 4 in. to right of mid-line and 4 in. above right 
evebrow. F.B.s in both frontal lobes. Comminution of right frontal sinus. Bone 
chips to + cm. in frontal poles. No C.N.S. signs. Alert, but senselessly unco- 
operative. Areas 10 and 11 both sides. 

Case 12.—Oblique wound centre 3 in. above right pinna and 4 in. in front of 
coronal suture. No F.B. Bone chips to | cm. Subdural clot. Left hemiparesis 
and facial weakness, passive movement sense reduced left hand. Areas 6 and 4. 

Case 13.—'%4 in. wound | in. to left and | in. above external occipital pro- 
tuberance. No F.B. Bone chips to 2 cm. Right field defect, less than complete 
hemianopia. Area 17. 

Case 14.—Post-mortem findings: entry wound behind left external angular pro- 
cess of orbit. 6 cm. track passed across left frontal pole and upwards into right 
frontal pole. Track was distended with blood clot. No infection present. Genera- 
lized oedema of. brain = Pcie apa coning. Clinically no C.N.S. abnormality 
until onset of fatal status. ~as 11 and 10 on the left, 10 on the right. 

Case 15.—Wound are in. forward of parietal occipital suture and 1% in. 
right of mid-line. F.B. 4 cm. deep, with spray of bone chips. Left hemiparesis 
with complete unawareness of left arm and sensory loss left leg. Areas 5 and 

Case 16.—Wound | in. above external angular process of left orbit. F.B. with 
bone chips driven in and forwards to 3 cm. Ccnfused, no other C.N.S, signs. Area 
10. 

Case 17.—Post-mortem findings: left occipital pole destroyed and ventricle opened 
(operative). Tip of right occipital pole lacerated. Abscess present external aspect 
right occipital pole. Generalized purulent meningitis. Original entry wound 2 in. 
to right of external occipital protuberance. Clinically blind, with slight right-hand 
weakness, and right extensor plantar response. Areas 17, 18, 19 on left, 17 on right. 

Case 18.—-_Wound ' in. to right of external occipital protuberance. No F.B. 
present. Bone chips to 2 cm, Left hemianopia and passive movement sense reduced 
left hand. Area 17. 

Case 19.—Wound 1% in. above external angular process of left orbit. Bone chips 
to | cm. No C.N.S. signs. Mentally co-operative and orientated. Area 10. 

Case 20.—Transverse furrow wound 2 in. long centred 2 in. above and %% in. 
behind right pinna. F.B. with spray of bone chips to 3 cm. Left hemiparesis with 
marked sensory loss, marked hemianopia. Areas 4, 3, 1, 2 and 41. 

Case 21.—Wound 2 in. behind coronal suture 2 in. to left of mid-line. No F.B. 
Bone chips depressed to | cm. Slight weakness and sensory change right hand. 
Areas 3, | and 2. 

Case 22.—-Wound 3 in. above mid-point of right supraorbital ridge. Large F.B. 
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protruding, penetrating with bone chips to 3 cm. No C.N.S. signs. Areas 8 and 9. 

Case 23. 2% in. furrow wound centre 2 in. above and '%% in. in front of left 
pinna. Bone chips to 3 cm. Aphasia with right hemiparesis and some sensory 
change right arm. Areas 6, 4, 3, | and 2. 

Case 24.—Wound | in. to left of external occipital protuberance. F.B. local 
with depressed bone to | cm. Right hemianopia less than complete. Area 17. 

Case 25.—Through-and-through wound, entry 2 in. above centre of right orbit, 
exit 3 in. above external angular process of left orbit. Chips sprayed in to 3 cm. 
No. C.N.S. signs, but very drowsy. Areas 10 and 9 on right, 8 and 9 on left. 

Case 26.—Wound 3 in. above external angular process of left orbit. F.B. with 
bone chips driven backwards to 3 cm. Right hemiparesis with sensory change arm 
more than leg, dysphasia. Areas 8 and 6. 

Case 27.—Wound 1% in. above and 2% in. to left of external occipital pro- 
tuberance. F.B. and bone chips driven in to 1 cm, Less than complete right 
hemianopia, and sensory changes right hand. Areas 39 and 40. 

Case 28.—Wound 2% in. above right pinna. No F.B. Locally depressed bone, 
one chip piercing dura. Slight left hemiparesis with reduced pin-prick sense in 
left hand. Areas 3, | and 2. 

Case 29.—Post-mortem findings: entry through anterior part of right squamous 
temporal bone. Track backwards to medial end of Sylvian fissure. Fresh blood 
clot extended into lentiform nucleus. Traumatic aneurysm on branch of middle 
cerebral artery. Extensive subarachnoid blood, Generalized cerebral cedema with 
coning. Clinically left hemiparesis arm more than leg. Left facial weakness. 
Areas 4, 38, 42 and 43. 

SeEcoND Group oF 23 Cases. 

Case 1.—Wound ' in. to right of mid-line just behind coronal suture. No 
indriven bone. Second wound in squamous temporal bone at anterior end of temporo- 
parietal suture. Bone chips superficial. Clinically left lower facial weakness and 
extensor plantar response on the left. Areas 4, 38 and 44. 

Case 1.—Wound 21% in. to left and 3 in. above external occipital protuberance. 
Bone chips to 2 cm, F.B. forwards and laterally to lie deep in the posterior end 
of right temporal lobe. Slight right hemipatesis, and right hemianopia, Confused, 
? dysphasic. Areas 5, 7. 

Case I11.—Wound | in. above and behind external angular process of right orbit. 
Slight left lower facial weakness, At later operation for removal of brain scar, 
cortical damage was found 3 cm. in diameter just anterior to the lower end of the 
precentral convolution. Areas 6, 44 and 45. 

Case I1V.—Wound left posterior parietal. Bone defect 1% in. anterior to parieto- 
occipital suture, 2 in. from mid-line. Bone chips to 3 cm. F.B. had entered the 
ventricle at the trigone. Partial right hemiparesis with slight dysphasia. Areas 
7 and 40. 

Case V.—Wound 2 in. above external angular process of left orbit. Some 
extradural clot. F.B. and bone chips indriven medially and backwards to 6 cm. 
Right hemiparesis. Responds only to noxious stimuli. Areas 8 and 9. 

Case VI.—2'%4 in. gutter wound centred 2 in. above anterior end of left 
zygomatic arch. Bone chips to 4 cm. Confused and dysphasic. Some right hemi- 
paresis. Areas 11, 45, 44 and 6. 

Case VII.—Wound 2 in, above and | in. behind external angular process of left 
orbit. Bone chips to 3 cm. Slight left lower facial weakness. Area 46. 

Case VIII.—Left posterior parietal wound 2 in. from mid-line and 3 in. above 
external occipital protuberance. Bone chips to 3 cm. Partial right hemianopia. 
Right lower facial weakness. Areas 5 and 7. 
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Case 1X.—Right posterior frontal wound, at upper edge of temporal muscle. 
“Cortical damage extensive” at operation. Confused, but no C.N.S. abnormality. 
Areas 10 and 46. 

Case X.—Wound ‘4 in. above right pinna. Bone defect upper edge of 
squamous temporal. Bone chips to 3 cm. Much local bleeding. Wound track 
passed into posterior end of temporal lobe, Left hemianopia and facial weakness. 
Areas 22 and 42. 

Case X1.—Wound centred 3 in. directly above left pinna. Bone chips to 5 cm. 
Right hemiparesis with sensory loss, Partial 


Ventricle open in region of trigone. 
right hemianopia. Areas 7 and 40. 
Case X11.—Wound 1% in. above external angular process of left orbit. Bone 
chips medially and backwards to 6 cm. Marked dysphasia. Areas 10 and 46. 
Case XIII.—Right posterior parietal wound, centred 2 in, above right pinna. 
Extensive comminution parietal bone. Bone chips to 3 cm. One F.B. in left 
frontal pole. Left hemiparesis with sensory change, relative left hemianopia. Very 


drowsy. Areas 3, 1, 2 and 40. 

Case X1V.—Wound centred 14 in. above mid-point of left supra-orbital ridge. 
Bone chips to 3 cm. Drowsy. No C.N.S. signs. Areas 9 and 10. 

Case XV.—Wound centred 1'4 in. above posterior end of left zygomatic arch. 
Bone chips locally in upper mid-temporal lobe. Infected. Partial right hemi- 
paresis with dysphasia. Areas 22, 42 and 43. 

Case XVI.—Wound '% in. to right of mid-line 4+ in. above external occipital 
protuberance. Bone chips to 2 cm., lying close to falx. Left hemiparesis with 
sensory loss. Fields full. Areas 5 and 2. 

Case XVII.—Wound 1’ in. to right and 3 in. above external occipital pro- 
turberance. F.B. driven forwards and downwards to + cm. Left hemianopia left 
hemiparesis with marked sensory loss. Area 5 and 2. 

Case XVIII.—Wound | in. above 4 in. to right of external occipital protuberance. 
Bone chips depressed locally. Left hemianopia. Much confusion (post-traumatic 
amnesia four days). Area 17. 

Case XIX.—Wound 1% in. directly above inner end of left supra-orbital ridge. 
Bone chips to 2 cm. No C.N.S. abnormality. Area 10. 

Case XX.—Recorded as left posterior temporal wound. No further details 
available. 

Case XXI.—Wound 2 in. above and ¥4 in. behind right mastoid. Bone chips to 
2 cm. Drowsy. Partial left hemianopia. (Post-operatively marked spatial dis- 
orientation.) Areas 39 and 37. 

Case XXII.—Wound 1! in. above posterior end of right zygomatic arch. Bone 
chips to | cm. Sylvian fissure visualized. Some left hemiparesis, left facial palsy 
and left attention hemianopia. Areas 38, 6 and 4. 

Case XXIII.—Wound centred '4 in. to left and 2 in. above external occipital 
protuberance. Bone chips to 3 cm. Markedly confused and unco-operative. (Post- 
operatively right lower quadrantanopia. Difficulty in understanding spoken words, 


less so written.) Areas 19 and 39. 
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HALLUCINATIONS OF REMEMBERED SCENES AS AN 
EPILEPTIC AURA. 
BY 
P. K. ROBINSON and A. C. WATT. 


Ix disease of the temporo-occipital region formed visual hallucinations 
are well known to occur as the aura to an epileptic fit. These hallucina- 


tions generally take a form which is unconnected with the patient's pre- 


vious experience. The special interest of the two cases reported here lies 


in the occurrence of an epileptic visual aura which was closely concerned 
with previous vivid experiences. In addition one case expressed a pheno- 
menon which may be termed “visual perseveration,” and in the other 
there was for a brief period a gross distortion of objects looked at. 

Case 1.—History of present complaint (Case No. 16369). The patient was com- 
manding a platoon which was attacking a position under heavy mortar fire on July 
30, 1944. Having told his men to get down, he knelt up and suddenly “felt a 
terrific smack at the back of his head.’ He “saw stars’”” momentarily but noticed 
no other visual disturbance and did not lose consciousness. He tried to get up 
but found his right leg useless and bleeding. After a litthke more than two hours 
stretcher bearers arrived—he was taken by ambulance to the Field Dressing Station 
where a splint was put on his fractured leg. He remembers the medical officers 
commenting on the head wound and saying that it seemed superficial and “only 
needed one or two sutures,” which they put in. Apart from some transient, but 
severe, headache, and blurring of vision on reading in the first few days following 
injury, he had no symptoms referable to his head wound. 

Visual attacks.—Fifteen months later he had his first visual ‘“‘attack.” Following 
a momentary tenseness, he noticed “an intermittent red flash at an angle to the 
right”—in the right half of the field of vision—which was present whether one 01 
both eyes were open or shut. It appeared at a slow rhythm at first, and gradually 
increased in rate until it was recurring every second—‘working up to a pitch” in 
about five minutes. When “at its height” he could still see the red flash “which 
was by now worked into the centre.” The hemianopia and flashing red light con- 
tinued for half to one hour, during which time he remained fully conscious. At 
the end of this time, and quite suddenly, both phenomena stopped. He was left 
with quite a severe left occipital headache and “a soreness of the eyes.’’ White 
objects particularly seemed “to hurt to look at them.” This constituted what he 
called his minor attack. 

In his “major attacks” he had seen images of previous experiences in the 
hemianopic field. The pictures which were flat, uncoloured and in miniature, “came 
with the flash” and appeared to come from the right side. They were only momen 
tary; different scenes following each other quickly, and every one a still picture. 
Several were recognizable as incidents which had occurred previously. Those most 


1 From a Military Hospital for Head Injuries. 





HALLUCINATIONS OF REMEMBERED SCENES AS AN EPILEPTIC AURA 44] 


easily recalled were: (1) the scene of the stretcher bearers coming to fetch him at 
the time of injury; (2) a night in the Sergeants’ Mess, at a unit where he was 
stationed six months before his injury; (3) nurses who looked after him, and parti- 
cularly one who attended him for a long time and was present when he came round 
from his anesthetic following a grafting operation for his fractured femur. Others 
curred but were so transitory that they defied recall. The same scenes appeared 
when he had similar attacks later, and each time they were accompanied by a feel- 
ing of unpleasant surprise. His wife who saw him in some attacks said he was 
extremely pale and “he seemed to be staring at something.” In all he had four 
“major attacks.” 

Associated phenomena.—In addition to these highly organized visual hallucina- 
tions he had noticed a difficulty in speech during his attacks—he knew what he 
wanted to say but “it all came out all of a jumble” and was unintelligible to his 
wife. He maintained there was no difficulty in understanding what was being said 
to him, and if the wireless was on at this time he could understand it. The right 
side of his face had been seen to twitch once but there was no incontinence or 
tongue biting. He said he had never lost consciousness, but his wife said his 
difficulty in speech was followed by weakness of the right arm and then he went 
into a deep sleep from which she could not rouse him. No residual visual agnosia 
had been noticed, no impairment of appreciation of surroundings and no auditory 
hallucinations 

Prevention of attacks Looking at bright objects, particularly red ones, occasion- 
ally aborted a minor attack. He would ask his wife for “something with colour 
on” and if he stared hard at it the flashing light would gradually cease. 

Perseveration of the visual image.—A few days following the first major attack 
he noticed an unusual symptom. He was sitting in the back of a lorry and watched 
a mzn come towards it and pass by. He turned to watch him go by and when he 
turned his head to the front again, for a second or two he “seemed to see the man 
walking” towards him again, and then the image suddenly disappeared. It had 
appeared to be the same size and shape, and was as clear as the man himself had 
been a moment before. The only other similar disturbance which also occurred 
about the same time, was that when reading,. “the last letter of the line seemed to 
go off the page,” to the right. He said it leoked as though the letter was printed 
on his eye. 

On examination he was found to be a bright and cheerful man, co-operative and 
a good witness. There was no family history of epilepsy and no significant previous 
medical history. 

His general condition was quite normal. 
found in the skull about 2'4 in. above and behind the left ear, covered by a white, 
soundly healed scar. He was right handed. Visual acuity was good (Jl and 6/6 
bilaterally) and the retine and discs appeared normal. Perimetry and screening 
revealed a right-sided peripheral homonymous indentation of the visual fields, but 
no scotomata were found (see chart). (No attention defect was detected.) Hearing 
and the sense of smell were intact, and the remaining cranial nerves normal. Apart 
from the mechanical limitation of movement due to partial ankylosis of his left 
knee following immobilization for his fractured femur, no paresis or abnormality 
of reflex function was found. Sensation to all modalities seemed perfect and no 
aphasia, alexia, astereognosis or topographical disorientation was exhibited. 


Neurological examination.—A small circular depression 4 in. in diameter was 


Psychometry (Mrs. Elvin)—He appeared to have a bright normal or superior 
pretraumatic intelligence. He was a-visualist but his account of himself, and formal 
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tests showed that his verbal facility, and general responsiveness were always relatively 
better than his capacity for sustained effort, or his practical abilities. In his learn- 











ing he made impulsive errors and these tended to persist unduly. His formulation 
of general ideas was not clear cut and he let his ideas run together. There seemed 


= 


to be little doubt that he suffered from a specific impairment affecting the visual 
field, a difficulty which showed itself chiefly as slowness in visual perception and 
analysis and some carelessness in the latter. With the more complicated visual 
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constructional problems he was unable to cope and there seemed to be a significant 
difference between the level of his vocabulary (I.Q.122) and his work on tests like 


L 


Bone chips 


Bone defect 
\ 


the block design (I.Q.91). His speed of visual perception was very slow and he 
definitely tended to ignore the right half of the visual field. There were no indica- 
tions of any other specific disabilities. 


INVESTIGATIONS. 

Skiagrams of the skull showed a bone defect in the left lambdoid suture area 
with a foreign body inside the skull underlying it. The pineal shadow was shifted 
slightly to the left. 

Cerebrospinal fluid: pressure 120 mm. | lymphocyte per c.mm. Protein 40 mgm 
per cent, and W.R. negative. 

Air encephalogram showed dilatation of the left lateral ventricle, especially the 
posterior horn, with traction towards the indriven foreign body (? bone fragments). 

Electro-encephalogram demonstrated suppression of all frequencies in the pos- 
terior part of the left hemisphere. Also gener ralized spikes suggesting considerable 
loss of brain tissue in the left occipital region, with secondary changes resulting from 


this, which were indicative of epilepsy. 


Case 2.—History of present complaint. This man aged 29 sustained multiple 
shell fragment wounds including a right occipital tangential wound during a naval 
action in April, 1940. He was unconscious for one and a half hours, but he 
remembered the actual impact of the piece of shell which went beneath his zygoma, 
and he recalled a feeling of being lifted up in the air. His next memory is of 
someone lifting the hatch and calling his name, but he did not have continuous 


memory for some days. 
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When he regained full consciousness, everything looked deformed. His hand 
seemed to be very broad and the fingers short. He had to stare at people for five 
minutes before he could recognize them. In addition to these disabilities he could 
not see objects to his left side. During the first two months, the distortion of his 
vision gradually cleared up only to return for half an hour on one occasion. He 
was looking at some nurses and the upper half seemed to be long and thin and 
the other half short and broad. 

Progress—Some bone fragments were removed from the skull ten days after 
wounding. _On August 3, 1940, further bone fragments were removed. Apart 
from head: ache which was present for two days after this operation he was well 
until three weeks later when the first visual attack occurred (four and a half months 
after wounding). 

The first visual attack—While sitting at a concert, suddenly in his left hemia- 
nopic field he saw events which happened on board ship at the time of his injuries, 
while in his right visual field everything seen was natural and unchanged. The 
images seen in his blind field were uncoloured and in miniature; he could recognize 
shipmates but could not recall their names. He lay down, no other symptoms 
occurred, and the episode passed off in ten minutes. He remained fully conscious 
throughout. About one month later he had a generalized epileptiform convulsion 
after which he was unconscious for five minutes. 

In November, 1940, he came under the care of Mr. Norman Dott. 

Family history—The patient was one of 11 children and came from a seafaring 
family. One sister suffered from fits which be gan at the age of 12; but the rest of 
the family were very healthy. 

On examination he was found to be a well- -developed man, intelligent, quiet, and 
a good witness. There were numerous scars on his body as a result of his wounds. 

General condition.—B.P. 115/70. Pulse 68, regular in time and force; heart 
normal. Scattered rhonchi were heard in the chest, and the patient had been subject 
to asthma since the age of 21. The abdomen was healthy. 

Neurological examination.—There was a small circular scar in the right occipital 
region with a central sinus from which pus exuded. The bone beneath felt dead on 
probing but the skull defect was not detected. There was no tenderness on per- 
cussion and no bruit was heard. The only abnormal sign found was a complete 
left homonymous hemianopia. All other cranial nerves were normal and no ab- 
normality of gait, motor or sensory functions was found. 

Operation, November 11, 1940.—A large right occipital flap was turned and the 
bone defect enlarged. A narrow sinus to a superficial occipital abscess was opened 
up. Bone fragments were removed and drainage performed. Healing soon took 
place and he was soon active and up again. However, on January 4, 1941, sudden 
brain swelling occurred in the right occipital region with severe general symptoms. 
Wide right occipital craniectomy was performed and small deep abscesses on the 
medial side of the occipital lobe were tapped and drained. 

After healing had been complete for a reasonable time, in March, 1941, a right- 
sided occipital lobectomy was performed and the posterior two-thirds of the lobe 
removed. The excised portion contained three small abscess cavities and the 
cicatrix of former superficial abscesses. He made a good recovery, but for about 
six weeks after operation he complained of a migrainous type of headache on the 
right side, which occurred once or twice a week. This finally disappeared. - 

Second visual attack.—This occurred after an interval of eighteen months and 
one year after occipital lobectomy. He was standing up cleaning out a hut at 
home, when suddenly he became aware of visual hallucinations. They were of 
his shipmates who served with him when he was wounded. The images were 
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small and moving. His mates appeared to be walking around quite naturally on 
the starboard side of the deck near the foremost funnel of the destroyer. The 
vision was realistic, seen in the hemianopic field to the left, and his actual sur- 
roundings were clearly visible to the right. The dividing line was clear cut and 
vertical. On shutting the eyes both the real scene and the visionary one were shut 
out. Within seconds of the onset he felt dizzy as if he would faint or fall, so 
he lay down. There were no further symptoms and no loss of consciousness; 
after five minutes he felt well enough to get up and continue his work. 

When last seen in September, 1942, he had had no more attacks, and was 
it duty on shore service. 

Electro-encephalography following the occipital lobectomy showed an alpha 
rhythm in the left hemisphere which was moderately well inhibited by opening 
he eyes. The right hemisphere, anterior to the decompression, also showed alpha 
rhythm but not so rhythmical and not inhibited by opening the eyes. This 
proves that an alpha rhythm is not solely an occipital lobe affair. 

Character of the attacks.—It is remarkable that some of the less fully 
developed attacks in Case | were almost indistinguishable from migraine, 
though they were of course invariably on the one side, and there seems 
little doubt that these episodes were epileptic in nature. Many workers 
have remarked upon the similarity between these two syndromes. Gowers 
1893a) had “met with cases in which epilepsy succeeded migraine, and 
the epileptic fits seemed as it were to grow out of the attacks of migraine, 
being preceded by such sensory symptoms as had occurred before the 
attacks of headache.”’ 

As the more elaborate attacks are rare an attempt was made, without 
success, to precipitate one by overbreathing. In view of the similarity 
to migraine shown by some of the minor attacks, the effect of vasocon- 
strictor and vasodilator drugs was tried, but again without effect. The 
drugs used were amyl nitrite, nicotinic acid, ergotamine tartrate and hista- 
mine. It is noteworthy as mentioned above that some minor attacks in 
Case 1 could be aborted by staring hard at a bright object of the same 
colour as that of the crude visual aura. In Case | the visual memory images 
continued even when the eyes were shut, but in Case 2. closure of the eyes 
abolished both the real scene and the hallucinatory picture. 


DISCUSSION. 
In occipital pole lesions crude hallucinations of coloured lights of various 
shapes and sizes are common, and are often associated with blacking out 


of a portion of the field of vision. Formed complex hallucinations are often 


seen in one homonymous field and are often accompanied by a 


hemianopia. Seguin (1886) described the case of a woman who 
developed a right-sided hemianopia following childbirth. Soon after 
its onset she had visual hallucinations of a chicken, a chair and other 
familiar objects which were seen in the blind field to the right. Many other 
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cases with elaborate visual hallucinations have been recorded but rarely 
have they been of memory images. Gowers (1893) stated that visual im- 
pressions of varying complexity were very common as epileptic aura or as 
constituting a minor seizure. He considered hemianopia to be a rare 
manifestation in epilepsy (1893a), and although he mentions two patients 
who “had an aura consisting of visions of objects and places familiar long 
ago” (1901) he does not describe in detail a patient who had hallucinations 


of visual memory in homonymous hemianopic fields. 


Harris (1897) considered that complex visual hallucinations of a hemi- 


anopic type were elaborated in a higher visual centre, probably the angular 
gyrus. That the temporal lobe is often implicated in these cases has been 
shown by Horrax (1923). In six of his patients there was post-mortem 
verification of extensive involvement of the temporal lobe together with 
the visual pathways and, in some, also of the optic thalamus. MHorrax 
and Putnam (1932) gained the impression that “true formed hallucinations 
are not produced by occipital tumours,” although they observed that this 
type of hallucination was noted when the anterior part of the occipital lobe 
—corresponding to area 19 of Brodmann—was compressed, and was common 
during the stage of recovery from a hemianopia after a tumour had been 
removed from this region. Allen (1930) also stated that in patients who 
had formed hallucinations, the pathological lesion “usually involved the 
anterior part of the occipital, and part of the temporal lobe.” 

Harris (1897) described a case similar to those reported in the present 
paper. It was of a man of 54, who was suffering from partial right-sided 
hemianopia, word blindness, and recurring convulsions. Some of the 
attacks were generalized, but two typically Jacksonian epileptic attacks 
were seen which involved the right arm and leg in clonic convulsions, 
without loss of consciousness. Each episode was accompanied by a com- 
plete right hemianopia. It was found to be present after the generalized 
attacks had ceased but was found early in the Jacksonian fits, as soon as 
slight twitching of the hand had begun. The hemianopia became partial 
again after about twenty-four hours. This man also had frequent visual 
hallucinations of faces he knew, particularly those of his children, and 
also of his pet dog putting its paws on to the bed, or his cat, and sometimes 
of schoo] children running along, some being dressed in red cloaks as they 
used to pass his window at home. These hallucinations only lasted a very 
short time, but occurred frequently and also to the right side in his blind 
field. They were quite often experienced without any subsequent con- 
vulsive episodes, but they occurred “sometimes before the commencement 
of a fit.” 
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The two cases described in the present paper have several points in 
common with this one. Both men were undergoing a vivid experience at 
the time of their injury and they retained a distinct memory for those 
events as they did not lose consciousness from impact of the missile, and 
there was no retrograde amnesia. The localization of the lesion in both 
cases was in the vicinity of area 19, though on opposite sides of the brain. 
That the occipital pole or visual cortex plays no part in the appearance of 
memory images is shown by the recurrence of the hallucinations following 
extirpation of the right occipital lobe in Case 2. It seems reasonable to 
surmise that in Case | an epileptic discharge began in the occipital pole 
and spread to involve the visual association areas, and further to include 
the temporal convolutions and the lowest part of the motor cortex. In 
Case 2 the discharge probably began in area 19 even before occipital 
lobectomy. 

A pathological condition of the brain was produced in both patients 
which gave rise to epileptic discharges in that region, and these discharges 
took place along the neuronal pattern established by a vivid experience. 
As mentioned already these visual images were easily recognized in the 
hemianopic field while the patient was in a state of full consciousness, and 
when vision in the normal homonymous fields was unimpaired. 

If one can derive evidence of the function of an area of the brain from 
the nature of the seizure which results from discharge within it, these two 
cases suggest that area 19 is intimately associated with visual memory. It 
is closely connected with the sensory and auditory cortices which receive 
other sensory impulses concerned with memory, and stimulation of estab- 
lished neuronal patterns within it excites visual memory images. 

There are two other phenomena worthy of mention in these cases— 
one is the distortion of vision following injury in Case 2, and the other is 
the temporary persistence of an image following disappearance of the 
object. 

The persistence of the visual image which occurred once in Case | 
about three days efter the first visuopsychic fit is much more uncommon 
and difficult to explain. It seems to be the visual counterpart of the verbal 
perseveration seen in aphasics, and has been described by Holmes (1931). 


His patient was a woman whose presenting symptom was headache for 


six months. During the more severe headaches she became aware of a 
blowing sound at the back of her head, more marked on the right side, 
and once she had experienced crude, unformed hallucinations with dim- 
ness of vision. Following a spontaneous hemorrhage which was accom- 
panied by subarachnoid bleeding, she developed a left brachio-facial paresis 
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with increased deep reflexes but bilateral flexor plantar responses. Later 
she developed cortical sensory loss in her left hand with astereognosis and 
a partial left-sided homonymous hemianopia. It was after this episode 
when “she stated that on three occasions at intervals of about half an 
hour on the one day, after someone had walked past the foot of her bed 


from left to right, she had for a moment or two the impression of the 


same person as before walking past, but when she looked carefully the 


person was not there. The dress, size and distance of the person appeared 
exactly the same, but the image more shadowy.” Operation revealed a 
large hemangioma on the lateral aspect of the right occipital lobe. Autopsy 
performed forty-four days after the development of the hemianopia showed 
an old intracranial hemorrhage compatible with the visual fields. No 
correlation was made however between the phenomenon of “visual per- 
severation” and the post-mortem findings. 

The distortion of the vision recorded in Case 2 is one of several kinds 
of disorganization due to lesions of the visual association area 18 and 19. 
The explanation of such distortion occurring on the sound side may be 
that these areas were involved in the general concussion sustained in the 


occipital regions at the time of injury. 


SUMMARY. 

Two cases of post-traumatic epilepsy with hallucinations of visual 
memory while full consciousness was preserved are described. 

In one case perseveration of a visual image occurred. 

Visual hallucinations and the localization of lesions causing them is 
discussed. 

We wish to express our thanks to Colonel G. D. Gripper, O.C. Military 
Hospital for Head Injuries, Wheatley, for permission to publish Case 1, 
and to Mr. Norman Dott for Case 2. We wish to thank also Sir Charles 
Symonds, Sir Hugh Cairns, and Dr. Ritchie Russell for their helpful 
criticism and advice. 

REFERENCES 
ALLEN, I. M. (1930), Brain, 53, 194. 
Gowers, W. R. (1893a), A Manual of Diseases of the Nervous System, Vol. 2, p. 849, 
2nd edition, Churchill, London, 
(1893b), loc. cit. 166. 
—(1901), Epilepsy and other Chronic Convulsive Diseases, 2nd edition, po 77, 
Churchill, London. 
Harris, W. (1897), Brain, 20, 308. 
Hotes, G. (1931), Brain, 54, 470. 
Horrax, G. (1923), Arch. Neur. Psych., 10, 532. 
Horrax, G., and Purnam, T. J. (1932), Brain, 55, 499, 
Secutn, E. C. (1886), Journ. Neur. Ment. Dis., 13, 5. 





FACIAL APRAXIA AND APRAXIC DYSARTHRIA! 
BY 
P. W. NATHAN. 


From a Neurosurgical Unit. 


THE purpose of this paper is to draw attention to the syndrome of facial 


ipraxia: four cases in which apraxia was restricted to the face are reported, 
ind a further two cases in which this form of apraxia was associated with 
ther forms of apraxia. The relationship between facial apraxia and motor 
iphasia is considered: an attempt to localize the lesions which cause the 
ippearance of facial apraxia and the’ consequent apraxic dysarthria is 
nade. Finally, an attempt is made to show how a study of apraxia explains 
some aspects of the pathology of the functioning of the cortex. 


“1c. | (Case 1) A and B. 


Case | (see fig. 1 a and B). The patient was wounded on August 8, 1944, by a 
vand grenade, in the left anterior parietal region. On arrival at the neuro- 
surgical unit on the evening of being wounded, he could not utter a sound, but 
he smiled in answer to questions; he had a right spastic hemisparesis. An opera- 
tion of débridement with removal of bone chips and foreign bodies was performed 
yn the same evening by Major G. K. Tutton, R.A.M.C.; the track was followed 
for 6 cm. but the ventricle was not opened. 

After operation the patient showed a regression into childish behaviour, which 
was followed by a growing-up period lasting days instead of years. At first he 
howled when he was upset, gurgled and crowed when contented. A day or two 
later he would sing to himself, making a horrible raucous noise, regardless of the 
reactions of the environment which he did not seem to notice. This singing occurred 
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at a stage before he was able to utter or to speak; the singing consisted of vowel- 
sounds only; he had some voluntary control of his voice, for although no tunes could 
be recognized, his voice rose and fell. Later, he went through a phase of imitat- 
ing the neighbouring patients in a stupid and childishly happy way, pretending 
to read when they read, laughing when they laughed. When the wireless gave 
out music, he would sing with it. He was obviously delighted by trifles and always 


ready to laugh. 
One month after he had been wounded, he apparently understood all speech 
But his dysarthria was so severe that he could not pronounce a single word 


correctly; indeed, no word was recognizable, unless the observer had a good idea 
of what he was trying to say. He spoke unwillingly, making signs whenevet 
possible. He was able to make all vowel-sounds, but he failed on most consonants; 
when it was necessary to modify a vowel by attaching it to a lingual, a labial or 
a dental, he could not do it. Later he managed to say some consonants when 
they occurred in the middle of a word, but he could not say the same consonant 
alone: similarly he had greater difficulty in starting a word with a consonant 
than he did in pronouncing the same consonant in the middle of a word. Thus 
“Sister” became “I-er,” and a word such as “prisoner’’ became shortened to 
“j-er” also; “yes” was “eh,” and “no,” “o.” When he found any vowel cr con- 
sonant too difficult, he would always say “er.” His repetition of the alphabet 
can be imagined; it consisted of only vowel-sounds; for example, “h” was “ae,” 
and “s” was “e.” The emotional cadence of his speech was normal, thus he could 
put quite a lot of meaning into his “er’s’; it was easy to understand whether he 
meant a negative or an affirmative by an “er.” As his speech improved, he would 
say “irty” for “thirty,” pronouncing the middle consonant but not the beginning 
one; immediately after he had said “irty,”” he was required to say the “ty” again: 
he invariably failed; similarly when trying to say his own surname “Pinto,” he 
managed “into,” but was then unable to say “to” alone. He was able to read in 
a dysarthric manner, but did not seem to understand what he read. 

He could not perform facial movements to command or on imitation, When 
told to, he could swallow, and he could whistle; indeed he kept up a whistling 
throughout the boring moments of his medical examination. He could look 
upwards, after a little delay. When required to show his teeth, in the routine 
examination of facial movements, he kept opening and shutting his mouth: know- 
ing this to be wrong, he continued with various kinds of grimacing. He did not 
succeed in raising his eyebrows, nor could he protrude his tongue. When he 
attempted to lick the tip of his nose, he did not get as far as putting his tongue 
out. He was able to open his mouth to order, and perform lateral movements 
of the mandible. He was quite unable to blow out his cheeks. He could not 
express disgust by wrinkling up his nose, but he smiled on command. When 
he smiled he performed that movement of showing his teeth which just previously 
he had been unable to do. He was also seen to lick his lips after eating, in a 
normal manner. 

There was no apraxia of the limbs. He could not move the right upper limb 
at all, on account of the hemiplegia. With the left upper limb he was able to 
point, to make a fist, clap, spread out his fingers, show how one plays the piano, 
knock at a door, and he could do the finger-nose-finger test. With the left lower 
limb he did the heel-knee test; the right could not be moved voluntarily on 
account of the hemiplegia. He showed no ideational apraxia; he cut up his 
bread and butter, brushed his hair, poured liquid into a cup, and manipulated 
a newspaper. He showed no agnosic disturbances of right and left cognition or 
of parts of his body or environment; he showed no spatial disorientation or visual 
or tactile agnosia. 
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He had a right spastic hemiplegia, which included the right side of his face. 
[he spasticity of the right upper limb was such that the examiner could extend 
he fingers only with difficulty. The patient could voluntarily extend and flex 
he right lower limb as a whole, but he could not abduct it, and he could not 
nove the foot or toes; it was also very spastic. All deep reflexes on the right 
vere much increased: those of the lower limb tended to go into clonus. The 
ight plantar reflex was extensor in type; the superficial abdominal reflexes were 
qual and normal on the two sides, Cotton-wool, pin-prick, pressure, warm and 
old were felt everywhere; there was some loss of position sense in the right 
imbs. Any but the grossest sensory test were unreliable, owing to his mental 
tate and his dysarthria. 

A fortnight after the operation and the day of being wounded, the facial 
praxia had diminished. After much grimacing and moving of his whole head, 
e managed to put out his tongue; he screwed up his eyes, and performed lateral 
ovements of his mandible on command, but he could not initiate the move- 
ents needed in an attempt to lick his nose or protrude his lower jaw. 

At the end of a further fortnight, his speech had improved. His facial apraxia 
vas then as follows: He smiled to order, but could not show his teeth to order 
on imitation, or blow out his cheeks. On attempting to raise his eyebrows he 
olled his eyes upwards. He eventually managed to protrude his tongue, there 
eing a Bap of several seconds between opening his mouth and getting his tongue 
uit of it. He could not protrude his mandible, and on trying to bite his lower 
p. he poet sz only in moving his lips. He could not wrinkle up his nose, 
naking other grimaces instead. 

Résumé.—This was a patient with a wound in the left anterior parietal 


egion; he showed apraxia of the face, with no evidence of apraxia else- 


vhere: he also showed dysarthria due to apraxia. 


Fic. 2 (Case 2), A and B. 


Case 2 (see fig. 2 , and B).—This patient arrived at the base without his early 
otes, which unfortunately were never found. He had been wounded early in 
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September, 1944, in the left fronto-parietal region, the wound involving the 
brain: the direction of the missile had been antero-posterior, and it had caused 
a dural tear of 1-25 cm. The few notes accompanying him stated that on 
October 7 he obeyed such orders as “Raise your arm, or your leg, &c.,” that he 
did not speak, producing only inarticulate sounds, and that he had a right flaccid 


hemiplegia. 

He came under my personal observation on November II, 1944. All his 
voluntary, automatic, and emotional movements were slow: a smile would spread 
gradually across his face, fading even more slowly: also his reaction time in obey- 
ing commands, his speech, his imitation of movements—all were slow and 
incomplete. 

His voice was monotonous and somewhat high-pitched; there was no emotional 
cadence. Each syllable was given an equal stress, and he made no pauses between 
words; so that at first the examiner had difficulty in understanding him, it being 
difficult to know where one word began and another ended; the actual syllables 
were fairly well pronounced. The dysarthria was far less severe than that of the 
first case; this patient could always be understood with difficulty and patience 
But if he tried to speak at a normal speed, his speech became incomprehensible 
In addition to this dysarthria, he had dyslexia: he had no visual letter agnosia 
or agnosia for any written symbols, but he could not understand what he read. 
A small part of this was due to difficulty in understanding the word, but it was 
mostly due to an inability to piece the individually understood words into a 
meaningful whole. He could draw a key and a revolver, and was able to explain 
their uses, both verbally and by mime. He had no spatial disorientation, and 
no difficulty in recognizing geometric forms. 

His facial apraxia showed itself as follows: When trying to put out his tongue 
as if to lick his nose, he managed only to wrinkle up his nose and upper lip. 
He could not show his teeth or smile on command, but with difficulty he managed 
to perform lateral movements of the mandible, and to protrude it. He could not 
raise his eyebrows on command or imitation; he could not whistle to order. 

He walked with a hemiplegic gait, dragging the right foot, the right upper 
limb hanging flaccidly by his side, the hand cold and blue. He showed a paralysis 
of the right side of his face of upper motor neurone type. His blink reflex was 
normal. Some voluntary movements of the right upper limb were possible, but 
he could move nothing below the elbow. There were some voluntary movements 
in the right lower limb, although they were weak; the limb was spastic, whereas 
the right upper limb was flaccid. He had no apraxia of the limbs. All deep 
reflexes on the right were greatly increased; he showed ankle clonus and an 
extensor plantar response. Pin-prick, light touch tested with cotton-wool, pressure, 
warm and cold were felt everywhere, and he asserted that they were equal on 
the two sides; the pain from squeezing tendons and muscles was less on the 
right. Position sense was absent at all joints of the digits of the right upper 
limb, but was present at the wrist and above; it was normal in the lower limb. 
Vibration was not felt in the right hand, and it was diminished in the rest of 
the upper limb and in the lower limb. Raven’s Matrix test gave a score of 23 
out of 60, which placed him in Grade 5 (intellectually defective). 

Résumé.—A patient with a wound in the left fronto-parietal region 
showing apraxia of the face, without apraxia elsewhere: he also showed a 
certain type of dysarthria. 

Case 3 (see fig. 3).—On September 20, 1944, this patient was involved in a traffic 
accident, receiving a depressed fracture of the skull. He was treated by a Greek 
doctor in the hospital at Pyrgos, who performed a decompression, removing bone 
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from the left temporal and parietal region. Owing to the military situation no 
contact could be made with the hospital, so that the patient had to find his own 
way to Piraeus as best he could; he arrived there on October 10. He was then 
found to have complete aphonia, a right facial weakness, and flaccidity of the 
right arm. 
~ On October 23, he was seen by Major F. J. Gillingham, R.A.M.C., who noted: 
“General condition good. Apyrexial. Mentally alert, rational, aphasic; ? slight 
comprehension defect; able to write as far as left hand will allow. Right 7th 
nerve weakness. Some difficulty in protruding the tongue, but eventually did 
so, to the right. Right upper limb paretic, but fair power in all muscle groups: 
no spasticity; right deep reflexes more than left; right superficial abdominal 
reflexes absent; both plantar reflexes down; no clonus. Sensation normal. Wound: 
Bone defect 5 cm. in left temporo-parietal region; healed.” There was a further 
note six weeks after his accident to state that the patient had begun to talk. 
He first came under my personal observation on November 3. An examina- 
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Fic. 3 (Case 3).—Showing fissure fractures, and area of bone removed at operation. 


tion of his aphasia showed that he could name only very few common objects, 
that he could not read as he knew neither the separate letters nor the words, that 
he could not write or calculate, and that he was slightly dysarthric. He could 
in fact write his name, but when requested to write something he could not 
think of anything to say; he could not write to dictation: he could copy, although 
he was unable to read what he had copied: he did not know even the letters 
making up his own name, which he wrote automatically; when an incorrect sug- 
gestion concerning which letter it was was made to him, he accepted it as correct. 
In talking, he was unable to make a sentence of more than three or four words, 
or to answer questions in more than a word or two. But speech of little pro- 
positional value, such as “I don’t know,” or “Yes, that’s right,” came out well. 
He showed no spatial disorientation, and no visual agnosia, apart from that 
associated with reading. 

His facial apraxia was as follows: When trying to protrude his mandible, he 
just managed to perform grimaces with the upper part of his face only. The 
same kind of grimacing occurred when he tried to screw up his eyes or raise his 
eyebrows or wrinkle his forehead. He was quite unable to show his teeth or to 
bite his lower lip, or to blow out his cheeks. But all movements of the face in 
eating, smoking, smiling and laughing were normal. That he had no paralysis 
of the tongue of severe degree was shown by his well articulated speech in the 
few automatic phrases he commanded. 
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He showed no other evidence of apraxia. He was able to beckon and to threaten; 
he could spread out his fingers, do the finger-nose-finger test, make a fist, show 
how to play the piano; he lit cigarettes, shaved himself, lifted the receiver of the 
telephone and handed it to the examiner. His behaviour in hospital was always 
normal. 

He had anosmia on the left. There was slight swelling of the left disc. There 
was a slight facial palsy on the right of upper motor neurone type. He had 
some hypo-zsthesia on the right side of his face; this was of the type found in lesions 
of the cortex, with hallucinations of touch and absence of threshold. There was 

slight increase of tone in the right limb, and the deep reflexes were somewhat 
increased. The right plantar reflex was normal in type, but less easily elicited 
than on the left. No loss of sensation on the trunk or the limbs was found. and 
no hallucinations of sensation. Raven’s Matrix test gave a score of 23 out of 60, 
which placed him in Grade 5 (intellectually defective). 

Résumé.—A patient with a depressed fracture in the left temporal and 
parietal region, showing apraxia of the face without apraxia of the limbs; 
he had only very slight dysarthria, not characteristic of apraxia. 


Fic. 4 (Case 4, a and s).—The entrance wound, which was situated above the left 
petrous bone, was not clearly demonstrated in the radiograph. 


Case 4 (see fig. 4 a and B).—On September 5, 1944, the patient was found 
unconscious, with a small wound behind the left pinna, from which brain was 
oozing. A skiagram showed a defect in the left temporal region, with large indriven 
bone fragments and a large metallic foreign body in the left frontal region. Major 
J. Schorstein, R.A.M.C., operated, removing six metallic foreign bodies and four 
large bone chips from the track. 

Three days after operation it was noted that the patient was aphasic, “and 
seems to be apraxic as well; when ordered to put out his tongue, he only opens 
his mouth widely.” He was found to have a right homonymous hemianopia. 

He came under my personal observation on October 6, 1944. An examination 
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of his dysphasia showed it to be both receptive and expressive. He could name 
very few common objects, he was unable to read, he could not calculate, and he 
was dysarthric. The dysphasia contained amnesic elements; for example, he 
could not remember the word “triangle,” but said “You know, Y.M.C.A.” (of 
which the sign is a triangle), and when shown a five-pointed star said “Five”; on 
such occasions he always knew the correct word when it was proffered. His 
writing was in capitals only; when asked to copy a word of more than three 
letters, he did it in the manner of drawing: even in doing this, he had too 
often to look at the original. He showed no obvious spatial disorientation. 

In investigating his facial apraxia, as in the other cases, the possibility of 
his not understanding was avoided by his having to imitate the movements. He 
showed some slight perseveration. On being ordered to show his teeth, he was 
ible only to open his mouth. He could not raise his eyebrows or wrinkle his 
forehead, but succeeded only in grimacing. In trying to move his mandible 
laterally, he first performed lip movements, then knowing that this was wrong, 
he moved his head from side to side. His efforts to blow out a match were 
insuccessful, although they included making sucking noises and protruding his 
mandible. 

He had slight hyposmia on the left. There was a right homonymous hemiano- 
via. No other abnormal signs were found in his nervous system. His Raven 
Matrix score was 10 out of 60, which placed him in Grade 5 (intellectually 
lefective). 

Résumé.—A _ patient with a wound in the left temporal region; the 
nissile had passed from here into the left frontal region to lie near the falx: 
he showed apraxia of the face without apraxia of the limbs. His dysarthria 
vas slight, and not the type found to be due to apraxia. 


Case 5 (see fig. 5).—This patient received his wound on September 9, 1944. He 
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Fic. 5 (Case 5).—Showing area of depressed fracture, and in-driven metallic foreign 
bodies. 
BRAIN—VOL. LXX 3] 
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was found with a piece of shrapnel protruding from his wound; when it was 
removed brain tissue oozed out. He was comatose and incontinent. Later in 
the day he regained consciousness, but was unable to speak, although he appeared 
to understand; his right arm was flaccid and his right leg slightly spastic; he 
moved his left limbs spontaneously. 

For the following notes I am indebted to Lt.-Col. C. W. M. Whitty, R.A.M.C., 
of the forward section of the unit: 

He was first seen on the day of being wounded. He carried out simple actions 
to order. He had complete anarthria and loss of gesture. Understanding of any- 
thing at all complicated was greatly impaired. There was right facial weakness 
and a complete right hemiplegia with increased tone. Major J. Schorstein 
operated, noting: “14 in. by 24 in, skin defect, left frontal; wound full of maggots: 
bone defect | in. diam. with radiating fissure fractures; three brain tracts, the 
deepest to 4 cm.; wound excised; bone opening enlarged; wound débrided. Skin 
flaps swung from outer medial scalp; secondary defect left open.” On the fol- 
lowing day the patient grunted in response to questions. On the next day he 
could sing a tune on imitation but without forming any words. Two days later 
he tried to articulate. By October 6 he was making slow but steady progress 
in speaking. There was no change in the hemiplegia. He showed no hemiasomat- 
agnosia or anosognosia. On October 13 he first showed a definite voluntary 
movement of his right quadriceps, and a movement of the right upper limb.” 

He first came under my personal observation on November 5, 1944. He 
showed such severe dysarthria that he could be understood only with difficulty. 
The volume of sound emitted was normal, and it was normally co-ordinated; mono- 
syllabic words were better pronounced than others; he showed far greater diffi- 
culty in pronouncing consonants than vowels. Attempts to speak were obviously 
an effort; he could recite a speech-pattern, such as the alphabet or the months 
in the year better than a sentence with propositional value. He showed much 
perseveration; once he produced a syllable or a word, he tended to bring it out 
on many occasions in the next few sentences. He could name only very few 
common objects; he could not read owing to visual word and visual letter agnosia: 
there was no object agnosia. He had complete agraphia, the right hand being 
too paretic, the left too apraxic, to write. He could not calculate. He could 
understand only the most simple sentences; for example, he could not under- 
stand either of the following two sentences: “If the soldier had been frightened 
he would have run away”; and “The guardsman in the bed next to yours was 
a deserter, and so he left the hospital when he felt better, and has not come 
back.” 

His facial apraxia was as follows. On attempting to imitate lateral movements 
of the mandible, he moved his head from side to side grotesquely. He protruded 
his tongue satisfactorily, and managed to protrude his mandible after a few 
mistakes. He could not move his tongue from side to side, and he could not 
show his teeth; he could not lick his upper lip or bite his lower one. 

When required to blow, he at first succeeded in opening his mouth, then 
did nothing for two seconds, then shut it, and then opened it again quickly. 
After all movements he tended to perseverate; this was particularly marked after 
nodding. Emotional movements were normal; he ate and drank normally, and 
smoked cigarettes; after such acts he would lick his lips normally, and he was 
once seen trying to suck a piece of food from between his teeth, which he 
managed without difficulty. 

He showed no apraxia of an ideational type. He had a severe disturbance of 
right and left cognition of his own body; in carrying out tests to demonstrate 
this. he usually did not know when he had made a mistake, whereas he always 
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knew when a facial movement was wrong. His most common mistake in per- 
forming such tests as “Show me your left hand,” or “Touch your left ear,” was 
that he performed the mirror image of the required action. Complicated tests, 
showed that he not only had a_pseudo-apraxia from disturbed right-left 
cognition, but that he also had apraxia for the left limbs; the right limbs could 
not be tested, as they were too paralysed to be moved voluntarily. For example, 
when trying to touch his left knee with his left hand, he raised his left arm 
to a right angle and extended the left leg, thus bringing the limbs farther apart 
than they were originally; when ordered, he could extend the left leg correctly, 
but he could not do this without simultaneously extending the left arm; when 
required to touch his right ear, he touched his left foot; when required to place 
his left hand on his occiput, he waved it about for a few seconds, then placed 
it on his chest. It is to be noted that such disturbances were seen only on test- 
ing; he was often watched while eating and shaving, putting on his clothes and 
cleaning his cap-badge; these acts were performed normally, considering that he 
was a right-handed man using his left. 

He had hypo-zsthesia and hypo-algesia on the right side of his face, and a 
right facial palsy of upper motor neurone type. He was just able to stand, but 
he could not walk without help. A voluntary movement of his right upper 
limb could be obtained if he mightily extended his right lower limb; there then 
occurred a slight pronation of the arm. - He could move the right thigh and 
leg, but nothing below the leg. The tone of the right upper limb was flaccid, but 
flexor tone in it could be appreciated if the observer tried to extend his fingers. 
The right lower limb was spastic, and ankle clonus was present. All deep reflexes 
on the right were much increased, more in the lower limb than the upper. The 
plantar reflex showed extension of the big toe, but no movement of the other 
digits; the area from which it could be elicited was normal. The right upper 
limb was cold, the skin capillaries and veins dilated, containing blue blood. 
Light touch, and tickle were not felt on the right limbs. The threshold for 
deep and superficial pain was raised, and when pain was felt, it was less than 
on the other side. He had complete loss of position sense and sense of move- 
ment in the right limbs. On the left all sensibility was normal. In Raven’s Matrix 
test, he scored 40 out of 60, which placed him in Grade 3 (below average intel- 
ligence). 

Résumé.—A patient with a left fronto-parietal wound, showing apraxia 
of the face, and dysarthria of apraxic type; in addition he had apraxia of 


the left limbs and agnosia for right and left on his body. 

Case 6.—This man, aged 56, was writing with his right hand one day, 
when he lost control over it; he stated that he could not make the pen do what 
he wanted; “it went all over the place.” A few days later he developed dragging 
and weakness of the left leg. Four weeks later the right side of his face started 
twitching, and he got a pain over his right eye; this continued on and off for 
two weeks. During this time he began to get pins. and needles in his left limbs. 
His leg became so weak that he could not move it, and he noticed that when 
it touched something he did not feel it. At the same time his right hand became 
clumsy, so that he could not play the piano or do up his buttons. 

He was then seen by Dr. Denis Williams, who noted signs of involvement of 
the pyramidal tract to the left limbs. One week later he found a left flaccid 
hemiplegia with increased deep reflexes. He had no dysphasia or dysarthria, and 
no apraxia, except that he was unable to close his eyes on command. He was 
able to put out his tongue, purse his lips, and show his teeth; he blinked nor- 
mally, and had a normal corneal reflex. When vigorously persuaded to shut his 
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eyes, he said “I can’t.” His blood-pressure was 160/110; his liver could easily 
be felt. The C.S.F. contained 4 cells per c.mm. and 45 mg. of protein per 100 ml1.; 
the Kahn and Wassermann tests were negative. 

Through the kindness of Dr. Williams, I saw the patient a week later. He 
lay in bed with an expressionless facies; the lines were gone from his forehead, 
and the naso-labial folds were scarcely visible; he made no facial movements, did 
not blink, and there was no play of the emotions to be seen. He was unwilling 
to speak, and obviously had to make an effort to answer questions; it took him 
many seconds to start talking, during which time it could be seen that he was 
making efforts to talk, although no sound came; when he succeeded, his voice 
was very quiet, and it faded away in the middle of his short and somewhat hurried 
sentences. His first remark was “I can’t talk.” It was found that he had more 
difficulty with consonants than vowels; he said “been a’el” for “been able,” and 
“Cana-a” for “Canada”; but with an effort he pronounced correctly “Methodist 
Episcopalian” and “British Constitution. He pronounced all vowel-sounds nor- 
mally, and most consonants; the only separate ee oe which he did not manage 
correctly were as follows: “Z” was badly pronounced; “T” tended to become “4”; 
“3” was pronounced “S”; “V” was pronounced with datheuiay: he could not form 
an “X”; and he could not make the aspirate “wh” as in “when.” 

In the following tests for apraxia, he was required to perform on command 
and by imitation; unless otherwise stated there was no difference in his response 
for the two tests. To all demands, he often said “I know what you want,” or 
“T can’t, I don’t know why.” 

He could not nod his head on command or in imitation or when asked a 
question expecting an affirmative; when this was repeated with a question demand- 
ing a negative, a scarcely perceptible negative wag of his head was made. He 
inspired and expired on command; he could not cough, but sighed instead; imme- 
diately after sighing, he was told to sigh; then he could not do so. When told 
to swallow, he made the correct movements with his mouth, albeit somewhat 
exaggerated, but he did not make any movement with his pharynx, and in fact 
did not swallow. He could whistle, lick his lips, bite his lower lip, blow out his 
cheeks, suck them in. When ordered, he put his tongue out, but it went in 
again almost immediately; he repeated this several times, but could not keep 
it out. He could not completely perform a prognathic movement, and could not 
perform lateral movements of his mandible. His attempt at pouting his lips 
was fair, and was always accompanied by a forcible expiration. An attempt at 
licking his upper lip and then his lower lip was successful. When trying to 
show how to kiss, he succeeded only in making clucking noises. Wrinkling up 
his nose or smiling to order or as acts of imitation were impossible. When 
required to shut his eyes, he did it in the same manner as he protruded his 
tongue; he did it for about a fifth of a second, opening them again immediately: 
he could repeat this, but he could not keep them shut. He often had difficulty 
in turning his eyes to regard the examiner, although he was sitting in front of 
him and slightly to his right, and his eyes were usually looking to the right. 
When ordered, he could look to the right and downwards, but he could not look 
straight ahead or upwards or to the left. 

No movements were possible with his left limbs owing to the severity of the 
hemiplegia. The following tests of apraxia refer to the right limbs. He made 
the correct movement to show beckoning, but he did not beckon towards himself, 
but across his body. He eventually showed how to threaten, but at first he just 
shook his fist. He was unable to perform the gesture known as “making a long 
nose,” although he said he knew what was required; when imitating the gesture 
be put his hand in the correct position, but moved it up and down the left cheek, 
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saying “I can’t find my nose.” His demonstration of how one plays the street- 
organ was recognizable. When required next to show how one deals cards, he perse- 
yverated with the organ-grinding action, he then licked his thumb, put his thumb and 
index in the correct position for dealing, but continued with the organ-grinding. This 
was the only occasion on which perseveration was seen. He was able normally 
to point, make a fist, clap, spread his fingers, make piano-playing movements, 
knock at a door. He made a good circle in the air with his right arm and right 
leg. He attempted to make a sign of a cross with his right upper limb, but it 
vas scarcely recognizable; it was remarkable how much better it was done with 
the right lower limb. He could salute normally, show how to count out money, 
and he described a spiral staircase. When tested with objects, he counted out 
money clumsily, and brushed his hair very clumsily. He took very long in start- 
ng to comb his hair, and then managed it most awkwardly with the comb the 
vrong way round; he thought he was doing it correctly. When trying to do 
up buttons, it was clear that he knew what to do, but was so clumsy that he did 
not succeed in doing it. 

He showed no evidence of disturbance of the total conception of a complicated 
movement. He had no agnosia for shapes, written symbols, letters, words, numbers 
9 colours. He had no anosognosia or hemiasomatognosia. He could point to his 
left limbs with his right ones and to those of the examiner. He had no finger 
agnosia and no disturbance of right and left cognition. He was slightly inaccurate 
in pointing to his left eye; this may have been due to an inability to point owing 
to apraxia. Once in four tests he did not know where his left upper limb was, 
though it was lying on his chest; he sought it around his left thigh, and was 
satisfied that the examiner’s left upper limb was his own; in three other trials 
he found his own and refused the examiner’s 

He seemed to have lost knowledge of the position of the parts of his face. He 
could find his ears with fair accuracy, twice did not find his left eye in four 
attempts, he could not find his nose, and had difficulty in finding his mouth in 
feeding himself; in all his attempts he sought too far to the left. 

He showed no aphasia, apart from the dysarthria already mentioned; he could 
name all objects shown to him. He could read isolated words, but he could not 
read a sentence; this inability seemed to be due to his inability to move his eyes 
alone the line. He held a pencil correctly, but he could make only scrawls; the 
agraphia was obviously due to his apraxia. He was accurate and very quick in 
calculating. 

It was difficult to tell if he had any defect of his visual field; he certainly 
showed no flinching when menaced from either side; he was more inaccurate 
in trying to catch the examiner’s finger in his left field than the right. He had 

i left facial palsy of upper motor neurone type. He showed no sucking reflex. 
There was no paralysis of the tongue. He had no voluntary movement in the 
left upper limb; with much effort he could raise the extended left lower limb 2 in. 
from the bed, and could do a similar slight flexion of the limb. The left upper 
limb was kept adducted and flexed, the forearm pronated across his chest; the 
left lower limb was extended. Both limbs were very spastic; clonus could be 
induced at the left ankle-joint, but not at the knee. The deep reflexes on the 
left were increased; all abdominal reflexes were absent. The left plantar response 
was extensor, the right flexor. He showed no grasp reflex, and no “tonic innerva- 
tion.” The sensibility of his left face, trunk and limbs was diminished. Pin- 
prick was most diminished in the left upper limb, where it was indistinguishable 
from the blunt end of a pencil. Localization was throughout fairly accurate, par- 
ticularly when one considers that he had to point to the touched spot with his 
apraxic hand. Position sense was normal, and sense of movement was only slightly 
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diminished in the digits of the left upper limb; it was slightly more impaired in 
the left lower limb. Vibration was felt, but less on the left than the right. Sen- 
sation was normal throughout the right side. 

A fortnight after the above examination he died. 

At the autopsy a primary carcinoma of the jejunum was found, with metastases 
in the liver, lungs, and brain. 


Fic. 6.—Neoplastic mass in left hemisphere lying beneath the pre-central gyrus. 
Medial to the main mass can be seen the nodular extension which lies immediately 
lateral to the corpus callosum. 


. 

In the right cerebral hemisphere there was a tumour centred on the upper end 

of the central sulcus. It came to within a few mm. of the surface of the cortex, at 
the junction of the medial surface and the outer convexity, and it reached the sur- 
face | cm. behind the central sulcus. It measured 5-5 cm, antero-posteriorly, 4 cm. 
from side to side, and 4-5 cm. vertically. It was cystic and haemorrhagic in its 
deeper part. There was another smaller tumour in the right cerebral hemisphere 
situated in the second frontal gyrus, and another large one 2:5 cm. behind this, 
both in a plane 6 cm. behind the tip of the frontal lobe. There was one tumour 
in the left hemisphere, which did not reach the surface. It lay subcortically in the 
region of pre-central gyrus, 2 cm. from the medial surface; it measured 3 cm. 
laterally, 2:5 cm. vertically, and 3 cm, antero-posteriorly; it possessed a nodular 
extension, internal and below the main mass. situated just above the wall of the 
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ventricle, extending antero-posteriorly for 2 cm. a few mm. lateral to the corpus 


callosum (see fig. 6). 

Dr. J. G. Greenfield kindly photographed the specimen and cut sections. He 
reported that the surrounding brain showed evidence of oedema; and that the pre- 
sence of Betz cells confirmed the position of the lesion in relation to the central 
sulcus. 


Résumé.—This patient had metastases in both hemispheres; in the right 
cerebral hemisphere there was a mass in the neighbourhood of the central 
sulcus, and another in the second frontal gyrus: on the left there was a 
mass in the neighbourhood of the precentral gyrus, with an extension 
blocking some of the fibres traversing the corpus callosum. The lesions 
caused apraxia of the face and apraxia of the right upper limb; there was 
also a minimal degree of dysarthria. 


I].—Apraxic DysARTHRIA. 


It is obvious that if there is apraxia for those movements needed for 
speaking, a dysarthria due to apraxia will result. As facial apraxia is a 
common accompaniment of aphasia, it should be considered as a possible 
cause of the dysarthria, whenever the aphasia is of the type known as 
Broca’s aphasia (aphasia dysarthria). 

From cases reported in the literature, it will be shown that a lesion of 
one hemisphere—and it is immaterial which—may suffice to cause bilateral 
apraxia of the face and of the movements of speaking. It follows that 
cerebral dysarthria may be caused by a lesion of either hemisphere in a 
monodextrous subject. 

It is common to find in cases wounded in the left fronto-parietal region 
that phonation is so disturbed that no sound can be obtained by any means. 
Painful stimuli have been applied to many such patients to try and cause 
a reflex emission of sound; such patients made the facial movements of 


phonating a vowel sound, but no noise was ever produced. All the cases 


with facial apraxia due to wounding reported here were at first completely 


aphonic. Such aphonics with facial apraxia, when they begin to show 
some recovery, Manage to produce a vowel-sound or two; they use these 
vowels to fulfil all the functions of speech. Later all the vowel-sounds 
return, although some are obviously easier for the patient than others: 
there was no constant order for all patients in which the vowels returned. 
This return of the ability to phonate vowels before the ability to form con- 
sonants, and the greater ease with which the facial apractic can later use 
vowels rather than consonants is doubtless due to the fact that the apraxia 
is more severe for movements of the tongue and lips than it is for the 


larynx. 
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A patient in this first stage is that reported as Case 1. A similar case 
has been recorded by Raecke (1909). It is instructive to read in Raecke’s 
account how his patient spoke in German exactly as did the subject of 
Case | in English; each short word was pronounced correctly, except for 
the complete omission of consonants. His patient also tended to leave 
out vowels in words where the middle syllable was short: he said “u-a” 
for “Guten Tag,” just as the English patient said “i-er, for “prisoner.” 
His patient also had a favourite vowel, which he tended to use instead of 
other sounds; the vowel of the English patient was “e,” that of the 
German “u.” Six months later the German spoke syllable by syllable. 
This was the stage at which the subject of Case 2 had arrived two months 
after injury. The subject of Case 5 was not as advanced as this; he still 
had great difficulty with consonants, although he could often pronounce 
some of them correctly; when speaking slowly he spoke syllable by syllable 
with all the vowels correct, some consonants correct, others, when com- 
prehensible, being w rongly used. The subject of Case 6 had only a very 
slight degree of apraxic dysarthria; by the usual standards he was not 
dysarthric, being able to pronounce difficult words; but when tested with 
consonants alone, he failed to pronounce a few of them correctly. 

The apraxic nature of this dysarthria is shown most clearly by a case 
of Alajouanine, Ombredane and Durand’s (1939). When the patient was 


instructed to try to pronounce “f” by trying to bite her lower lip, she at 


first placed her lips in a position to form “p,” then she placed her lower 


lip in the correct position with her hand. Her apraxia was shown even 
more clearly in another example: “To form ‘6,’ she knows that she has 
to expel the breath continuously while keeping the point of her tongue 
between her teeth. She first puts her tongue in the position shown to 
her, then just as she starts to expel her breath, she quickly pulls her 
tongue in again; the sound emitted is a ‘k.’ The patient then spontan- 
eously takes the tip of her tongue in her fingers . . . and keeps it between 
her teeth while emitting her breath.” 

The type of dysarthria is the same as the type of facial apraxia occur- 
ring in the case. The subject of Case 6 was unwilling to talk at all: he 
tended to be anarthric rather than pararthric, just as he never changed 
his facial expression. 

In the early stages both facial apraxia and apraxic dysarthria are dis- 
orders of voluntary movement with retention of a more automatic kind 
of movement. Accordingly, we see that the subject of Case 3 was able 
to bring out automatic phrases, such as “I don’t know,” but failed im- 
mediately afterwards to say “know.” The subject of Case | showed the 
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same phenomenon for syllables, as has been described; also he sang before 
he could form words. The subject of Case 5 had too great a degree of 


aphasia to show this phenomenon in a marked degree, although it was 
noticeable how well he could count once he had started. The conimmon 
characteristic is the inability to perform voluntarily those acts which can 
be performed automatically. The automaticity is encouraged by emotion, 
and by the familiarity of a routine: a frequently repeated series of actions, 
invariably performed in the same order, seems to cause a facilitation of 
the separate actions making up the whole series; this facilitation can also 
be obtained by having a rhythm linking up the separate parts of an action, 
as in reciting, singing, counting or repeating the alphabet. The facilitat- 
ing factors act not only for whole phrases and sentences and for whole 
actions, but also for the separate syllable of words, the separate words of 


phrases, and the separate movements of co-ordinated actions. 


I].—LocaizATION OF THE LESION CaustING FACIAL 
APRAXIA AND APRAXIC DYSARTHRIA. 

Liepmann forecast that lesions permitting the appearance of apraxia 
would be found in the parietal lobes, in the pre- and post-central gyri 
and the foot of the first two frontal gyri, with the subjacent part of the 
centrum semi-ovale, and in the corpus callosum. He called the anato- 
mical centre for voluntary movements the “sensomotorium”; this seems 
to mean the pre-central gyrus, but it is not quite clear whether he included 
the post-central gyrus in this term. He stated (1906) that when this 
region is isolated from these parts of the cortex of which the functions are 
visual, tactile, acoustic, and kinesthetic, the subject can still perform 
“relatively simple and much practised movements,” simple purposive 
movements and expressive gestures, and certain series of movements, such 
as those of walking and knitting. If this region is isolated on the right 
side of the brain, far fewer movements can be performed; this is in accord 
with Liepmann’s view that the right sensomotorium is to a certain extent 
dependent on the left. He wisely emphasized that there was no question 
of isolating a “praxia centre,” but that he was pointing out “that territory 
which is most vulnerable from the point of view of praxia.” 

Experiments were devised to study the anatomy of apraxia by two 
Spaniards, Lafora and Prados (1921). They divided the corpus callosum 
in monkeys and cats, which had been taught a certain series of movements, 
entailing different movements in the two fore-limbs. They realized that 
the few previous experiments on division of the corpus callosum in animals 
had not been entirely satisfactory from the point of view of the study of 
apraxia, as, apraxia being essentially a loss of learned movements, such 
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movements had neither been taught nor investigated. They pointed out 
that the results of their experiments could not be transferred to the human 
subject, as animals are ambidextrous, the human monodextrous. Con- 
sidering apraxia as a loss of learned movements, they found that division 
of the corpus callosum caused the loss of such movements. The resulting 
apraxia was crossed, as hemiplegia is crossed, a lesion to the left of the 
falx causing apraxia of the right limbs. They assumed that this effect was 
due to diaschisis. They were able to localize the effects of section antero- 
posteriorly, showing that division of the genu caused apraxia of the fore- 
limb, of the anterior half caused apraxia of the fore and hind-limb, of the 
posterior half caused apraxia of the hind-limb, and that division of the 
splenium had no effect on movements. 

From the six cases reported here and from relevant cases in the litera- 
ture an attempt will be made to localize the site of the lesion which is 
associated with this syndrome of facia] apraxia. As the operation notes 
are useless from the point of view of topography, there remain two methods 
of obtaining knowledge of the site of the lesion, when no post-mortem 
examinations are possible: a consideration of the possible damage from 
examination of the skiagrams and the course of the missile; damage 
can be assumed to exist in those parts of the hemisphere which function 
abnormally or not at all: hence from the clinical picture the site of dam- 


age may be guessed. 


TEMPORAL” GYRUS 


FERIOR TEMPORAL CYRUS 
INFERIOR TER ' 


/ 


Fic. 7.—Outline of lateral view of skull to show the region damaged in the first 
five cases. 


Fig. 7 is a composite picture of the skulls of the first five cases reported 
here. Superimposed on a lateral view of the skull is a diagram of the 
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relevant sulci and gyri and tracings of the bone defects before or after 


operation, the path of the missile, and the area covered by indriven bone 


chips, in the five cases. It is obvious that such a method is crude; it is to 
be supposed that the area of brain damaged is less than the post-operative 
bone defect. 

From this picture, it can be seen that in no case was the angular gyrus 
involved. In only one case was the temporal lobe involved; the missile 
in this case ended up in the left frontal lobe near the falx, so that in its 
course it would have damaged much other nervous tissue; accordingly, 
and in view of the fact that in no other case was there involvement of the 
temporal lobe, it may be concluded that to have this phenomenon, the 
temporal lobe need not be damaged. The possible area of cortex involved 
(leaving out for the moment the aspect of the depth of the lesion) is seen 
to be large. It covers the pre- and post-central gyri, the inferior frontal 
gyrus, the anterior part of the inferior parietal lobule, and the supramar- 
ginal gyrus. It is important to note that the pars triangularis and the 
pars opercularis of, the inferior frontal gyrus (Broca’s area) could not have 
been involved in three of the five cases; and that the inferior parietal 
lobule and supramarginal gyrus could not have been involved in two. A 
further anatomical point is that the lesion in Case 3 was a depressed frac- 
ture, wherefore the cortical area damaged is more important than the 
tracts involved; particular weight should therefore be laid on_ this 
case. In Case + the tracts connected with the lower part of 
this same area would be involved in the course of the missile. It 
will be seen that the defect of the other three cases all cover the area of 
defect of Case 3. The anatomical evidence is therefore a little suggestive 
that the common area involved is the lower, but not the lowest, part of 
the pre-central gyrus, or tracts connecting with this area. 

Working back from the observed disturbances of physiological func- 
tion to the anatomical lesion, we find the following. The leg was not 
involved in the hemiparesis in three cases; in one case the arm was not 
involved, and in another it recovered before the recovery of the facial 
apraxia; but in all cases there was a facial upper motor neurone palsy; 
this places the lesion well down in the pre-central gyrus, in the region 
subserving facial movements and movements of the lips and tongue, the 
region which when stimulated electrically gives champing movements. 
Sensory loss was present in two cases only, showing that this is not a 
necessary concomitant phenomenon. These cases of aphasia conspicu- 
ously lacked a disturbed auditory component; this suggests that the tem- 
poral lobe is not involved. All the cases had at first an inability to emit 
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any sound; later, sounds could be made, then a very dysarthric form of 
speech. In accordance with the evidence orginally presented by Marie 
(1906) and Marie, Foix, and Bertrand (1917), the lesion must be in the 
“zone lenticulaire.” 

From the anatomical and physiological evidence, the site of the lesion 
permitting the appearance of apraxia for facial movements, in these cases, 
is seen to be the lower part of the pre-central gyrus or the region deep to 
this area. This is the known motor area of the face, jaws, and larynx: 
deep to this area of cortex is the lenticular zone, lesions of which cause 


the appearance of dysarthria. It will be noted that in all cases the area of 


damage was extensive. This is as would have been expected; for no single 
small area of the cortex is functionally irreplaceable. 

The.most important case of facial apraxia from the literature from the 
point of view of localization is Bonvicini’s (1914) second case. The patient 
received a dagger wound 2 cm. long, at a point in the middle of a line 
joining the outer edge of the orbit with the external auditory meatus 
on the left. 

The only post-mortem examination of a case with apraxia restricted to 
the face and the movements of articulation is that reported by Pussep 
and Levin (1923). They found two areas of softening: one “in the region 
of the gyrus of Broca and the lower part of the gyrus centralis anterior”: 
the other “in the region of the anterior part of the supramarginal gyrus.” 
They considered that the apraxia was due to the lesion of the supramar- 
ginal gyrus, because it is known that lesions of Broca’s area cause paralysis 
or paresis and not apraxia, and it is known that lesions of the supramarginal 
gyrus can cause apraxia. But no case has been reported of an isolated 
apraxia of one limb or the face from a lesion of the supramarginal gyrus: 
and apraxia may be caused by lesions of the pre-central gyrus and the 
third frontal gyrus, as it was in the first five cases reported here, and in 
Bonvicini’s second case; hence the evidence provided by Pussep and Levin’s 
case should be taken to support a localization in the pre-central gyrus and 
the third frontal gyrus, and not a localization in the supramarginal gyrus. 

Case 6 of this series is useless from the point of view of localization, as 
all three neoplastic masses could have interrupted tracts lesions of which 
can permit the appearance of apraxia. 

Bonvicini's (1914) first case was examined post mortem, but the apraxia 
was not restricted to the face; 5 lesions were found; and the cyst of the 
left cerebral hemisphere was so extensive that it was useless from a localiz- 
ing point of view: it covered the area involved in all the cases considered 


here, and much else besides. 
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But there is ample evidence to show that lesions elsewhere than in 
the left motor facial area can cause facial apraxia. van Vleuten (1907) 
published a case in which there was at first apraxia of the tongue and 
of the left limbs; this progressed to an apraxia of the right limbs, and 
finally an ideational apraxia. At autopsy there was found a large tumour 
involving the whole of the corpus callosum and of the left gyrus cingulus: 
it did not involve the grey matter, nor the internal capsule. 

It will be seen that a unilateral lesion of the left hemisphere may 
suffice to cause bilateral apraxia of the face. This is as would be expected 
from the results of stimulating the left “face area.” Horsley and Schafer 
(1887) wrote: “The ‘face area,’ although we have so called it for con- 
venience sake, actually gives rise to movements not only of the 
facial muscles, but also of the whole of the upper part of the 
alimentary tube (mouth, throat and larynx). . . . It is physiologically 
remarkable from the fact that many of the movements which result 
from its excitation are apt to be executed bilaterally.” 

A lesion of the right hemisphere in a right-handed person can cause 
facial apraxia. The patient reported by Lewandowsky (1907) was a right- 
handed man with hemiplegia of the left side; he therefore showed bilateral 
facial apraxia from a lesion of the right hemisphere. A similar case was 
reported by Riese (1930): this patient was left-handed; he had hemiplegia 
of the right side, and bilateral apraxia of eyelid opening. Lesions of the 
right hemisphere in right-handed persons causing facial apraxia in addi- 
tion to other forms of apraxia were reported by Wilson (1908), Goldstein 
(1908 and 1909), von Monakow (1914), and Hartmann (1907). In Hart- 
mann’s third case, the apraxia of the face and of the left upper limb was 
shown at post-mortem examination to be due to a hemorrhage in the right 
frontal lobe; the hemorrhagic tissue filled the white matter of the second 
frontal gyrus, leaving the grey matter intact; it did not extend so deep as 
to encroach on the ventricle; the lesion was small, and it was single. 

Mingazzini and Ciarla (1920) stated that lesions restricted to the 
anterior third of the corpus callosum cause facio-lingual apraxia. It is 
unfortunate that this matter was not investigated by Lafora and Prados 
in their experiments in cutting this commissure in monkeys and cats. 

It is nevertheless common to find large lesions of the regions incrimi- 
nated—the pre-central gyrus with the fibres running to or from it, and 


the corpus callosum—without any apraxia. Indeed it is difficult to under- 


stand how any lesion of the cortex or the subcortical white matter which 
causes paralysis or paresis does not also cause apraxia. We find ourselves 
in the position of being unable to point to any region of the brain, saying: 
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a lesion here will inevitably cause apraxia. For, within limits, a cortical 
function can still be performed when one pathway has been destroyed. 
Those functions of the cortex which manifest themselves as psychological 
phenomena do not have a strictly localized topography. 


II].—PRESENTATION AND CRITIQUE OF LIEPMANN’sS VIEWS. 


Liepmann (1908) defined apraxia thus: “Apraxia is the inability to 


move the limbs purposefully.” Perhaps the best definition is that of 
Dromard (1908): “The inability to move a certain part of the body in 
accordance with a proposed purpose, the motility of this part being 
otherwise preserved.” 

The apractic has not at the command of his will some movements co- 
ordinated into purposive actions which he and his species have developed. 
He retains the will to perform the act and he retains a neurological 
apparatus capable of performing the movements involved; but between 
them there is a gap which he is unable to bridge. As Liepmann wrote 
(1908): “The correspondence between acting and willing has gone.” 

From a priori reasoning Liepmann considered that there should be 
two forms of motor apraxia. He considered that there should be a form 
where the kinetic engrams were lost or damaged, and there should be a 
form where there was no connection between the intact kinetic engrams 
and other engrams, that is optic, tactile, acoustic, and kinesthetic. 

The apraxia resulting from loss of the kinetic engrams of limbs, face 
or tongue, Liepmann (1905) called “limb kinetic apraxia” (Gliedkinetische 
Apraxie). Such kinetic engrams were called “Bewegungsvorstellungen” 
by Wernicke, “Innervationsbilder” by Meynert. Heilbronner called this 
kind of apraxia “cortical apraxia”; Kleist called it “innervatory apraxia.” 

Liepmann considered that in limb kinetic apraxia, the engrams were 
either destroyed; or they were present, but they were made available to 
the rest of the cortex only with abnormal difficulty. He held this opinion 
in order to account for the frequently observed fact that apractics can 
often perform on imitation or with the relevant object to manipulate, 
those actions which they cannot perform out of their heads. Although 
Liepmann did not report a pure example of limb-kinetic apraxia, he 
related how in this type “the virtuosity which practice lends to movements 
is lost. Therefore the movements are at best those of an unpractised 
person, crude, clumsy, without precision.”” He considered that this apraxia 
could be restricted to the fingers or to one finger. The engrams of the 
movements—or as Meynert more correctly put it—the “material substrate” 
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of the engrams or “innervation patterns”—were thought to reside in the 
central gyri. 

The apraxia resulting from a gap between the normal kinetic engrams 
and the rest of the engrams of cerebral functioning, Liepmann called 
“ideomotor” or “ideokinetic” apraxia. Heilbronner called this form 
“transcortical apraxia.’ 


Liepmann described a third form of apraxia ideational apraxia. Here 


it was thought that the ideational project was wrong, or partially wrong, 
or that it did not exist; the engrams for limb and facial movements were 
considered to be intact. “The limbs obediently carry out the ideational 
design which is given them.” 

In 1920, Liepmann altered his original views, stating that the three 
forms of apraxia were rarely found in a pure form; he added that idea- 
tional apraxia was often found with limb-kinetic apraxia and ideomotor 
apraxia, and that it was very often accompanied by agnosia. 

Liepmann’s conception of normal kinetics and of apraxia involves 
the acceptance of a psychological function. In 1900, writing of the per- 
formance of normal movements, he stated “the memory of the whole 
series is a necessary condition for the repetition of the movement.” In 
1920, writing of limb-kinetic apraxia, he stated “the kinetic engrams are 
lost or damaged; this entails the disturbance of the unconscious memory 
of innervation.” 

We see that Liepmann’s conception of normal kinetics—and hence, 
of apraxia—is based on the idea of the importance of memory for move- 
ments. But physiology stands in no need of the borrowing of this con- 
ception from psychology. The fact that a cell or a group of cells reacts 
in a certain way to a certain stimulus on all occasions needs no hypo- 
thetical mnemic explanation; it is even less necessary to drag in the func- 
tion of remembering. 

Liepmann divided limb-kinetic apraxia from ideokinetic apraxia on 
account of the frequent observation that movements which cannot be 
performed voluntarily may still be performed automatically. In that the 
series of movements is performed quite noimally when it is performed 
automatically, Liepmann postulated that the limb-kinetic engrams were 
intact: they were, however, not available to the brain as a whole. He 
considered that when the subject performs the movement more or less 
correctly but clumsily and in a similar manner to that in which it might 
be carried out by someone who had never performed it before, the subject 
had lost the actual engrams of the movement. 

Although no explanation of the conservation of automatic movements 
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with loss of the same movements when they are to be performed volun- 
tarily can be given, it is unnecessary to build a complicated psychological 
and hypothetical system of kinetics to account for it. This observation is 
a particular case of a general principle. It was shown by Jackson eighty 
years ago that a characteristic of the manner in which the nervous system 
behaves when it undergoes dissolution (the reverse of evolution) is this very 
feature: that which cannot be performed voluntarily can still be per- 
formed automatically. 

But there are graver and more general criticisms of Liepmann’s con- 
ception of apraxia. The psychological “interpretation” of movement con- 
sists of constructing a scheme, as though movement were a_ psychological 
performance. 

Wernicke was the first who introduced psychology in an attempt to 
understand the physiology and topography of the cortex. He presented 
his views in “Der Aphasische Symptomencomplex” in 1874. He con- 
sidered that one of the features of the nervous system was the function 
of memory. “It is easy to show that one of the essential characteristics 
of the whole nervous system is a certain memory.” He considered that 
when a response to a stimulus is always the same the cause of this identical 
response is the storage of experience in the region concerned. “These 
residua of past stimulations, with which the cerebral cortex is populated, 
we will call memory patterns (Erinnerungsbilder).” He imagined localiza- 
tions in the cortex of regions where the memories of past movements, 
their beginnings and their purposes, were stored. 

Liepmann’s explanations of apraxia are entirely under the influence 
of Wernicke. They are based on a naive conception of neurology, in 
which parts of the cortex are seen as areas containing memory pictures: 
disturbances of function are considered to be due to falling out of these 
areas, or blocking of the interconnecting pathways. Liepmann (1905) 
postulated that in order to carry out a gesture, a man has to have in his 
mind, though not necessarily in consciousness, a representation of the 
gesture as a whole (Hauptzielvorstellung) and representations of parts of 
the gesture (Teilzielvorstellungen). These representations of the parts of 
the whole series were thought to be made up of representations of the 
previous movement patterns, which were optical and kinesthetic. The 
representations of movements were thought to be remembered patterns 


acquired through training: for the performance of co-ordinated series of 


movements, the innervation pattern had to be remembered. These 
remembered patterns (Innervationsgedichtnis) were considered to be 
psychological manifestations of physiological activity of cortical cells 
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situated in the Rolandic region, which Liepmann called the “sensomo- 
torium.” 

Such a scheme depends on its author thinking: “If I were a being 
in which all the processes of movement were psychological, this is the way 
in which I imagine I would perform purposive movements.” The author 
then overlays the necessary anatomy of his imaginary scheme on his know- 
ledge of the topography of the cortex. 

Liepmann (1920) stated: “The important thing is not how much of 
this complex has an equivalent in consciousness, but that innervatory- 
kinesthetic engrams of the brain exist, and that they are physiological 
and not psychological.” But a psychological concept does not become 


a physiological fact, on account of its author stating that it is physiological. 
| d fo) oO d é 


[f, in Liepmann’s scheme, we do not admit that a psychological concept 
is the same as a physiological fact, then nothing more is being said than 
the brain tends to perform a series of movements in the same way as 
it has performed that series before. To say that a kinetic engram has to 
be ecphorized not only adds nothing to the above statement, but intro- 
duces psychological factors where none are known to occur. That a series 
of movements performed in a certain manner on one occasion is likely 
to be performed in a similar manner on subsequent occasions, is an 
observation, and common knowledge. But to say that the repetition of a 
series of movements leads to the acquisition of kinetic engrams is to say 
more than the adage “Practice makes perfect.” For it says that a series 
of movements which is performed in the same manner whenever it is 
repeated, is performed in that manner, owing to the action of the psycho- 
logical function of remembering. That a learned series of movements is 
repeated in a similar manner is an observation; but it is an unwarranted 
assumption to say that this is so, because it has left memory traces behind. 

No one believes that during all the complex movements that occur 
when a cat catches a mouse for the first time, or when a mole burrows in 
the earth, that these movements are occurring in accordance with this 
scheme. When we make a gesiure, the usual course is for us to have the 
desire to carry out the movement (which desire is usually unconscious)— 
and we carry it out. The gap in our knowledge of physiology is our 
ignorance of how a desire is translated into that physiological activity 
which results in movement; this gap is not bridged by imagining schemes 
of how an animal would move, had it to perform movements by means 
of its conscious mentation. Perhaps it makes the real state of affairs clear, 
if we state that a psychological being makes the decision to move, and a 
physiological being carries it out. 
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There is one other, a more particular, criticism of Liepmann’s concep- 
tion to be made. If it is thought that engrams have become a part of 
previously stimulated cells—as is required by the mnemic hypothesis of 
Semon (1921)—then stimulation of these cells would be equivalent to the 
ecphory of their engrams; each cell or group of cells with its engram 
would be caused to ecphorize its proper engram when stimulated; it 
would follow that stimulation of these cells would always give the same 
moveménts. This does not happen. Part of the fallacy of the mnemic 
conception of cortical kinetics is due to its being based on the fallacious 
mosaic pattern conception of cortical physiology. 

The main fallacy in Liepmann’s conception resides in the belief that 
psychological concepts have a reality. And that small regions of the 
cortex have the function of performing certain hypothetical acts of men- 
tation. Hughlings Jackson said: “The confusion of the anatomy and 
physiology of the nervous system with psychology is the bane both of 
neurology and psychology. It leads to superficial simplifications, and to 
crude popular ‘explanations’ most of which are purely verbal.” 

This confusion reaches its height in a recent book by Nielsen (1946), 
where we read: “Now, when any movement is made frequently, engrams 


are formed in and anterior to the precentral gyrus as also in the brain-stem 


and spinal cord. These engrams must not be thought of as structures 
differing from immediately neighbouring structures; they are pathways 
exactly similar structurally to those not used but which have been trained 


by repeated use.” 
IV.—CLASSIFICATION OF APRAXIA. 


Motor apraxia is usually divided into ideomotor and ideational apraxia. 
Ideational affects all movements; ideomotor is distributed limb by limb. 
(There is unfortunately no translation of the German word “gliedweise.”) 

Apraxia is rarely found distributed equally over the affected limbs; this 
occurs only very late in progressive cases, and by the time it does occur, 
there is usually also some ideational apraxia. It is rare to find apraxia 
restricted to one part; but when it does occur in this manner, the com- 
monest variety is facial apraxia. A case in which the apraxia was 
restricted to the left upper limb was reported by Maas (1907); the fourth 
case reported by Foix had apraxia restricted to the right upper limb, as 
did the case reported by Sittig (1933). Cases where apraxia is found in 
one limb with an upper motor neurone type of paralysis of the opposite 
limb are common; but these cases are not referred to here, as a possible 
apraxia of this limb could be masked by the paralysis. It seems that there 
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are no cases reported of apraxia restricted to a single lower limb, or to 
the trunk without involvement of the lower limbs. Perhaps this is due 
to the fact that learned movements of separate lower limbs are rare. 
These movements are not tested in the usual tests for apraxia; the usual 
tests—the heel-knee test, making a cross or a circle in the air while lying 
on the back—are not tests of learned movements of the lower limbs. 

Apraxia might to some extent be classified according to the movements 
which have become impossible. | Lewandowsky (1907) described 
apraxia for eye-shutting; but really he described no more than 
Jackson had done forty years previously; for his patient was also unable 
to look downward on command, and he had difficulty in looking to the 
left. Riese (1930) described a case of apraxia for eye-opening. Pussep and 
Lewin (1923) described a case of what they considered to be pure “aphago- 
praxia” or apraxia for the movements of swallowing, but their patient 
vas also completely anarthric, and showed facial apraxia. 

In the severer forms, ideational apraxia becomes added to the previous 
ideomotor apraxia. Here the whole conception of a series of actions is 
disturbed. In all cases of ideational apraxia, ideomotor apraxia will also 
be found if the patient is tested in a way to demonstrate it. Even the first 
famous case reported by Liepmann (1900) was a complicated one; many 
of his activities can only be considered as due to ideational apraxia, and 
yet the apraxia was sufficiently one-sided to demonstrate for the first time 
that apraxia could be limited to limbs and was not necessarily the result 
of agnosia or dementia; in addition to ideomotor apraxia of the right limbs 
and ideational apraxia, this patient showed facial apraxia, apraxic 
agraphia, and apraxia from perseveration. The case reported by Westphal 
(1907) was a good example of the mixed nature of apraxia. When this 
patient was tested for ideomotor apraxia, it was found that with the left 
upper limb he could not make a fist, threaten, shake hands, or salute; he 
also could not cross his left leg over his right; what would usually be con- 
sidered an ideational apraxia was shown by his biting his cigar, putting 
the match in his mouth, and his inability to put on his trousers, uncork 
a bottle, or open and shut a pen-knife. The eleventh patient reported by 
Brun (1922) showed a similar mixture of forms of apraxia; von Monakow’s 
1914) eleventh case was similar. The first patient reported by Kroll (1910) 
nad ideational apraxia; but this patient also showed an ideomotor apraxia 
f his upper limbs, and he had difficulty in putting on his slippers; he also 
showed apraxia due to perseveration. His second patient also had a mixture 
f facial apraxia, ideomotor apraxia of the upper limbs, ideational apraxia, 
ind apraxia due to perseveration. When reading Hartmann’s (1907) des- 
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cription of his second case, after finishing the account of the examination 
of his left upper limb, one concludes that the patient has an ideomotor 
apraxia of this limb; but on continuing, one learns that he could not put 
out matches, pour out water or use a soda-water syphon, using both or 
either limb. We are in the presence of a case of ideational apraxia; when 
the patient is tested for intransitive actions of the left side only—those 
movements not entailing the manipulation of objects, such as making a 
fist, threatening with the forefinger—the case appears to be one of ideo- 
motor apraxia; when tested for sitting, it appears to be a case of “Rumpfa- 
praxie”; when tested for walking, it appears as a case of “Gangapraxie.” 
Clearly there is no point in dividing apraxia in this manner. When one 
considers an action such as brushing the hair, is the inability to perform 
it to be considered as ideational apraxia or is it an ideokinetic apraxia 
for a transitive action? An inability to blow out a candle is often taken 
as a test for ideational apraxia; but a facial apractic may be unable to do 
it. Such a case was reported by Pick (1905): this patient—Case I—had 
facial apraxia; he was unable to eat or drink adequately; if some liquid 
was given him, he blew it out of his mouth; he chewed solids continuously, 
as he was unable to swallow them; he also showed typical ideational 
apraxia, being unable to light a candle, and putting a match to his mouth 
and trying to smoke it; whether the apraxia which he showed on being 
ordered to take a seat or get out of bed is classified as ideational or not, 


seems to be arbitrary. 


Brun (1922) also pointed out that it is impossible to maintain the classi- 
fications of Liepmann, as in practice cases always show several of his forms, 
and in many apraxic movements it is impossible to say which form of 
apraxia is present. Kleist (1912) in his second paper adopted the same 
point of view. He avoided the classification of apraxia according to 
imagined psychological concepts; in defining “innervatory apraxia” as 
the inability to perform those movements which have been rendered 
easy by practice, he defined the condition clinically, basing his definition 


on what had been observed. 


There may be some justification in separating ideational apraxia from 
all other forms of motor apraxia; if this is to be done, it is necessary to 


present a case of ideational apraxia without other forms of apraxia. The 


case reported by von Stauffenberg (1911) may be of this type, but all we 
are told of tests for ideomotor apraxia was that the patient was able to 
give her hand, make a fist, lift her hand, and show her tongue. 





FACIAL APRAXIA AND APRAXIC DYSARTHRIA 
V.—Tue Principtes or HuGHLincs JACKSON. 


Hughlings Jackson not only recognized apraxia, but he laid down some 
of the principles of neurological physiology on which an understanding 
of it could be based. The first principle which is applicable is that of 
dissolution in the nervous system. In 1878 he wrote: “There are, nega- 
tively, degrees of loss of the most voluntary processes with, positively, 
conservation of the next most voluntary or next more automatic; other- 
wise put, there are degrees of loss of the latest acquirements with conserva- 
tion of the earlier, especially of the inherited acquirements; speaking of the 


physical side there are degrees of loss of function of the least organized 


nervous arrangements with conservation of function of the more organized. 
There is a reduction to a more automatic condition; in each there is disso- 
lutios....° 

The second principle is that of cerebral kinetics: “The motor centres 
of every level represent movements of muscles, not muscles in their indi- 
vidual character. . . . It is possible to lose one series of movements of 
muscles, and to retain another series of movements of the very same 
muscles.” In 1890, he also expressed this in the following manner: “From 
negative lesions of motor centres there is not paralysis of muscles, but 
loss of movements.” 

Apraxia is par excellence the disorder of the motor cortex. The motor 
cortex activates purposive movements; in apraxia movements remain, but 
willed purposive movements are lost. 

Dissolution at the highest level causes disintegration of a function not 
much used in ordinary life: it prohibits acting. The apractic with dis- 
solution at this first level is able to smile, lick his lips, express disgust in 
a normal manner, when he feels that the occasion demands; but he is 
unable to act these gestures, to pretend them, when he thinks the occasion 
demands; such an occasion is a neurological examination. He remains 
well adapted to his environment; in hospital living among his fellows his 
condition passes unnoticed; he is able to play cards, laugh at a joke, eat 
and drink in the manner customary in his society. This first level is a 
most recently acquired function. developed usually only by man. Al- 
though some other animals may be taught to protrude their tongues and 
show their teeth on command, they do not normally perform such acts 
in this theatrical manner, although they can of course perform them when 
they are demanded by the usual routine of living. 

As a further stage of dissolution is reached, the apractic is unable to 
perform actions when he feels they are needed or when they should occur 
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automatically. At this stage, the patient is no longer able to fit into his 
environment in a normal manner. Cases in this stage are that of Risien 
Russell reported by Kinnier Wilson (1908), the third case of Kroll’s (1910), 
the case reported by Riese (1921), and Case 6 of this series. Those in 
the first stage of dissolution make the usual facial movements current in 
their society; they show normal facial expressions, which change as their 


responses to the environment demand; until the doctor draws the atten- 
tion of ‘such patients to their inability to perform facial movements on 
demand or imitation, they are ignorant of this defect, and they do not 
complain of it. Those in the further stage of dissolution, however, know 
from experience that they cannot move their faces as they wish, and they 
complain of being unable to do so; they either have difficulty in carrying 
out facial movements, or they cannot do so at all. This results in them 
having an unchanging expressionless facies. Kroll’s patient gave the 
impression of “a great inhibition, a braking of all motor functions, includ- 
ing speech and all actions. . . . He lies apathetically with a fixed expression 
on his face.” The face of the patient reported by Riese showed “an 
absence of mimic”; his expression was one of a peculiar grin, with which 
was associated wrinkling of the forehead and raised eyebrows; his mouth 
was always half-open, permitting a constant outflow of saliva. Riese stated 
that his expression resembled that of an idiot. The patient of Case 6 of 
this series and Risien Russell’s patient when requested to perform facial 
movements, answered “I can’t.” The former said that he could not look 
where he wanted to, and that he could not shut his eyes except when 
he fell asleep. Those patients in the more superficiaily involved group, 
however, are willing to try movements, which they expect to be able to 
perform. 

Apraxia is a dissolution of these movements most recently acquired, 
such as smiling to order, beckoning, or nodding. with a longer retention 
of those which have become more automatic, such as walking, standing. 
putting food in the mouth with an implement. In the usual cases apraxia 
affects only those acts which have been learnt with the aid of consciousness. 
In the rare most severe cases apraxia affects those movements which are 
so organized, that, although they had to be learnt, they were learnt in 
babyhood before consciousness was much developed. Thus it is found in 
cases which show progressive dissolution that speech disappears before 
chewing; for not only is speech an intransitive movement and chewing is 
transitive—requiring the manipulation of objects—but it is less organized 
and is phylogenetically and ontogenetically acquired later than chewing. 
Ombredane (1944) examined a patient who had to think before he could sit 
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down; another would fall over backwards if his back were not supported. 
In these later stages of dissolution the apractic is reduced to the state 
of babyhood, being unable to speak, to stand, to walk, to turn over in bed, 
to control his excreta. The advanced apractic may be unable to take a 
bite from a piece of bread or to sup from a spoon; he can swallow only when 
the bolus initiates the reflex by striking the pharyngeal wall. Such patients, 
according to Heilbronner (1905), retaining the sucking reflex, can be satis- 
factorily nourished by bottle, like an infant. For the normal state of an 
infant is one of apraxia. 

However, apraxia cannot be explained solely as a release phenomenon. 
When a severe apractic is pricked, he is unable to move the pricked part 
away from the stimulus, or to brush the stimulus away with his upper 
limb. But when a spinal animal is pricked there is a successful withdrawal 
reflex. 


SUMMARY. 


(1) Four cases of facial apraxia unaccompanied by other forms of 
apraxia are presented. One other case in which facial apraxia was asso- 
ciated with apraxia of the left limbs, and one case in which it was associated 
with apraxia of the right upper limb, are presented. 

(2) It is pointed out that facial apraxia is likely to be associated with 
dysarthria, and that many cases of Broca’s aphasia have dysarthria due to 
facial apraxia. The features of this dysarthria are given. The course of 
recovery from complete aphonia to dysarthria due to facial apraxia is 
given. 

(3) The localization of the lesions permitting the appearance of facial 
apraxia and apraxic dysarthria is considered. 

(4) Liepmann’s views on apraxia are presented and criticized. 

(5) The classification of apraxia is considered. Although apraxia is 
usually divided into ideomotor and ideational apraxia, it is pointed out 
that no case of pure ideational apraxia has yet been recorded. 


(6) It is pointed out that apraxia is that state which is due to dissolution 


of the motor cortex. Within this dissolution there are degrees, shown 
by various kinds of apraxia. This dissolution affects those movements 
which have been learnt, the more recently acquired suffering before the 
more primitive. When dissolution is complete, the man has returned 


to the state of babyhood. 


I take this opportunity of acknowledging my gratitude to Dr. Denis Williams 
for his help and criticism in writing this paper. 
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[.—INTRODUCTION. 

Wuen, under the name of “Paramyoclonus Multiplex,” Friedreich 
(1881) defined lightning jerks, appearing in salvoes at a rhythm of 40 to 
50 a minute with free intervals of a quarter to half an hour, involving the 
non-synergic muscles of body and limbs or parts of muscles, excluding 
those of the face, disappearing during sleep or involuntary movement 


and increasing when the patient became conscious of them, he considered 


this condition to be a motor disturbance due to physiological disorder of 
the anterior horn, and his aim was to separate these jerks from the cate- 
gories of choreic and athetotic movements. His classification was not 
generally adopted by contemporary neurologists. Not satisfied with deny- 
ing the existence of paramyoclonus, they made every effort in diverse 
publications to destroy the hypothesis he had elaborated. 

Then Unverricht (1895) took up Friedreich’s idea and insisted on separ- 
ating these disorders from choreic movements which he believed to be of 
cerebral origin. He then described a familial condition in which jerks of 
the same nature affected the face, tongue, pharynx, larynx and even the 
eyes and were accompanied by epilepsy, a progressive syndrome associated 
with grave mental disorder which Lundborg (1912) was later to emphasize. 

According to the original descriptions of the syndrome it affects boys 
and girls alike, appears in a familial form with the occasional occurrence 
of objective neurological signs. In the first two examples studied by 
Unverricht (1895) the condition appeared first in a boy and four girls in a 
family of 16 children, and in the second instance in three boys out of five. 
Recktenwald (1912) mentions a boy and two girls in a family of 14 children, 
and two of these cases show a spastic paraplegia. The 17 cases of Lundborg 
are taken from nine families, eight of which were from consanguineous 
parents. 

All this emphasizes that Friedreich’s paramyoclonus multiplex is not 
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identical with the familial progressive myoclonic epilepsy described by 
Unverricht-Lundborg, a fact that is also confirmed by the most recent 
observations of Gans I (1926), Precechtel (1927) and Haenel-Bielschowsky 
(1915). 

Gans has referred to this myoclonic syndrome on two occasions. The 
first time is a case of a woman of 70 whose convulsions dating from her 
latest infancy were followed by epileptic crises (two or three a month) 
which were always preceded for a day by violent myoclonic jerks without 
loss of consciousness. Towards the end of her life she developed contrac- 
ture of the lower limbs. Gans found her to have, among numerous non- 


specific changes, a degeneration of the two olivary bodies which he attri- 


buted to the myoclonus. Hence it was a question of intermittent myoclonic 
epilepsy and not of paramyoclonus or an epileptic myoclonus. His second 
case on the other hand is an absolutely characteristic example of paramyo- 
clonus. 

Lundborg defines the manifestations of the progressive form of familial 
epileptic myoclonus more precisely by distinguishing three clear and 
characteristic stages. 

The first, epilepto-tetanic, starting fairly late in childhood by convul- 
sive nocturnal crises, increasing in frequency, sometimes tetanoid and 
tonic. Gradually the child becomes more suspicious, quiet and indifferent, 
and mental development ceases. This initial phase often covers a couple 
of years. The second stage is myoclono-epileptic. The myoclonic jerks 
appear first in the arms, extending from there to the trunk and the head 
and occasionally to the diaphragm and the eyes. They evolve by phasic 
curves, are increased by sensory stimulation (“senso-clonic” reaction of 
Lundborg) and psychic stimulation (“psycho-clonic” reaction of Lundborg). 
These subjects sweat excessively, have difficulty in swallowing and lose 
weight. Their mental state consists of a mixture of somnolence, excita- 
bility and, occasionally, delirium. The third stage is the final one; the 
myoclonus increases in severity, rigidity sets in and the mental faculties 
become obscured. Incontinence and decubitus develop, and marasmus 
becomes extreme. 

Generally the condition takes ten to twenty years to develop, but there 
are cases where it has taken very much longer. The general line of evolu- 
tion described by Lundborg can actually be observed in a great number 
of hereditary cases, and this morbid type is indeed an autonomous disease 
with a particular anatomical basis which we do not intend to submit to 
critical study here. Those who are interested in these problems we would 
refer to the works of Henri Roger (1922), Crouzon, Bouttier and Basch 
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(1922) in the French literature, van Doninck (1926), Lobstein (1928), 
Zerbini (1936) in Italian literature and Stertz (1936) in German. 

The object of our paper is to report on the study of a condition which 
does not belong to the classic type of epileptic myoclonus because it does 
not show the characteristic mode of evolution described by Unverricht and 
Lundborg. In addition to two generalized cases we describe a third in 
which the patient at present shows typical hyperkinesia confined to the 
region of the tongue and palate, thus representing a partial or localized 
form of the disease. 

This family shows yet other extramyoclonic peculiarities to which we 


shall not here refer. 


II].—CrinicaL OBSERVATIONS. 
Family Gi 
Both parents are aged 53, are well and apparently free from any neurological 


disorder. Both are obese. 

Of this non-consanguineous marriage five children were born. 

(1) One child, born at 8 months, died at the age of 3 weeks. 

(2) The second child, Charles Gi . . . . (1916-1942) was normal up to the age of 
9. He then began to have nocturnal epileptic crises of apparently clonic nature. 
These became very frequent and persisted until his death. Towards the age 
of 10 involuntary muscular jerks appeared. As one of us can confirm, they were 
of exactly the same type as those now to be observed in the case of his younger 
brother. During the last years of his life they were so violent that occasionally 
the boy fell off his chair; they made the taking of food very difficult. The inten- 
sity of the myoclonic jerks was subject to cyclic changes. In the end, periods 
when the patient was practically bedridden alternated with others during which 
he was able to get about in the house and even carry out minor tasks. He died 
in an advanced state of cachexia at the age of 26 following a severe fall. No 
autopsy was obtainable. 

This patient had always been tall and thin, even at the time when he was 
still able to take food properly. 

Secondary sexual characteristics as well as the genital organs were well 
developed. Mentally, according to those around him, he was more intelligent than 
his brothers. Despite his condition he continued to show right to the end of his 
life a very keen interest in all that concerned the family life. During the time 
when he was capable of doing so he made himself useful in the house and 
garden. 

(3) The third child, Pierre Gi . . . . born in 1918 had scarlet fever in addition 
to the usual children’s ailments. In 1942 he had a chancre which was systematically 
treated. 

The existence of myoclonus of tongue and velum palati was discovered by one 
of us (H.L.) for the first time in 1946, but was never noted earlier at repeated 
laryngeal examinations. The patient was not aware of them. A complete neuro- 
logical examination in December, 1946, revealed no abnormality apart from this 
myoclonus (except that the plantar response was flexor on the right and was 
equivocal on the left). The various cerebellar tests were performed without defect 
on the part of the patient. Neither in the trunk nor in the limbs was the 
least abnormal muscular jerk to be observed (it must be pointed out, however, that 
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the adiposity of the patient might have concealed a small myoclonus of an isolated 
muscle). The ocular motility was absolutely normal, as also were the pupillary 
reflexes. The facial muscles were not involved either, with the exception of the 
orbicularis oris, which from time to time showed a localized myoclonic jerk 
(especially on the left). When the patient opened his mouth, the tongue remain- 
ing in its place, one could notice a momentary glossal myoclonus appearing here 
and there, and bringing about a localized bulge of the tongue or a lateral move- 
ment of its tip. The myoclonus appeared by irregular salvoes, at irregular intervals. 
There was no regularity in the successive localizations or rhythm of the myoclo- 
nus. In the same way the velum palati was affected by arrhythmic myoclonic 
jerks with slightly longer intervals than the glossal ones. The pharynx and the 
vocal cord were apparently free from such jerks. There was no muscular paralysis 
of the region. This patient was of medium height with rather long feet and 
hands, and showed a moderate obesity of the “glandular” type. His face was 
round and pink. The genital organs were of average development, the pubic hair 
of masculine distribution and the axillary hair of normal density. The distribu 
tion of hair on the trunk was excessive. The hair on the head was scanty and 
there was marked frontal baldness. X-ray of the skull revealed the existence 
of a calcification of elongated shape in the region of the sella. The latter was 
of small size, and its aperture was bridged (Dr. Tombeur). 

(4) Jean Gi... . aged 24, is well and seems completely free from the family 
complaint. He is tall and fairly slim. 

(5) The fifth son, Paul Gi... . born in 1927 has not suffered from any 


particular illness apart from bronchopneumonia at the age of 2. He has always 
been very fat, and his genital organs have never developed properly. Axillary and 


pubic hair did not appear till the age of 19. He was at school till the age of 12 
and was an average pupil. 


He was 9 when he had his first epileptic attack. He has since continued to 
have them, though less frequently than his brother Charles. These attacks always 
set in during the second half of the night and seem to be mainly tonic. When he 
was || his mother noticed that before starting to walk or run he would remain 
immobile for a moment as if hesitating. It was only two or three years later 
that she observed the occurrence of muscular jerks. At present these have become 
very severe and do not allow him any longer to go about alone. They present 
a certain periodicity, increasing in severity for some days and then diminishing 
progressively during the ensuing days, a complete cycle lasting from eight to 
nine days. When the patient is having a bad spell the jerks persist even during 
sleep. but not otherwise. On examination in May, 1947, we noted a typical myo- 
clonus affecting now a single finger now the hand or the whole arm. It often 
appeared in salvoes and extended to the whole body, the patient performing 
veritable jumps and producing inarticulate sounds caused by diaphragmatic con- 
traction. The mild jerks were well withstood, but the more severe ones made 
the head and limbs fall back quite limp. They did not seem to relax and were 
increased in intensity by emotion and calmed down by compression of the anterior 
tendons of the forearm. The face also presented involuntary movements. ‘The 
myoclonus of tongue and velum palati were of the same type as that presented 
by Pierre, but it was much more frequent and more marked. Laryngeal examina- 
tion was not practicable. 

Walking is rendered difficult by the myoclonic jerks and by the fatigue that 
follows, but does not otherwise present any peculiarity. The voluntary movements 
are well executed although in a manner at once deliberate and precipitate. Re- 
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flexes, sensibility, cerebellar function and cranial nerves all are intact, apart from 
the myoclonic jerks. ; 

This young man is small and has a mild high dorsal kyphosis. The head is 
comparatively large, feet and hands are short and broad, the fingers short and 
fusiform. There is marked genu valgum. His obesity is considerable and dis- 
tinctly “glandular.” The fatty swelling mainly affects the hips, buttocks, pubis, 
abdomen, chest and the root of the upper limbs. There are numerous purple 
marks in the axilla, on the hips, buttocks and groin, on the inner side of the 
thighs and on the testicles. The testicles are descended, of very small size, and 
shows marked hypoplasia. Pubic hair is scanty, fine and of feminine distribution. 
There is very little axillary hair and a few peri-areolar and intermammary hairs. 
The hips, buttocks, thighs show very fine hair growth, hardly stronger than down. 
There is a trace of beard and moustache. The remainder of the body has no 
hirsuties. 

X-ray of the skull reveals a shadow extending along the dorsum sellz similar 
to that shown by Pierre (Dr. Tombeur). 

All laboratory examinations gave normal results. 

Finally psychotechnic examination (Dr. G. Myle) revealed a reduction of intel- 
lectual faculties but no new-formed elements in his mental background. He has 
no hallucinations or delirium and the mental changes are more quantitative than 
qualitative (mental age under 10, which confirms intellectual regression in view 
of the fact that at Il he was a good average). The acquisition factor is more 
affected than that of elaboration. He does not lack curiosity, but his attention 
is feeble and his sphere of interest very limited. He allows of the diagnosis of 
puerilism, worrying very little about the future and passing a good deal of his 
time glancing through illustrated children’s magazines. He has got a sufficiently 
developed family sense but very little social sense. He is not actually irate. 


I1T.—ComMMENTARY. 


Ina family of five children, one of whom died in early infancy, we find 
the second boy suffering from progressive myoclonic epilepsy. He dies at 


the age of 26 in a state of progressive cachexia with few mental changes. 


The third, in addition to a discrete endocrine syndrome, shows widespread 


and arrhythmic myoclonus of the tongue, spontaneous non-rhythmic con- 
tractions of the palate and even of the peribuccal muscles, without epilepsy 
or mental disturbance. The fifth is a typical dystrophia adiposo-genitalis 
with epileptic attacks and absences, generalized myoclonus sometimes 
affecting the muscles of the tongue, palate, face and even of the diaphragm. 
Mental state not yet seriously disturbed in spite of a relatively long devel- 
opment (fourteen years). The absence of progressive insanity in the 
deceased patient and of all mental trouble in his brother, and of a com- 
paratively normal psychical state in the third does not allow to correlate 
these observations, without some reserve, with the syndrome of Unverricht 
and Lundborg and indicates their place between this syndrome and the 
paramyoclonus of Friedreich. 


The most curious fact which this family presents is the presence in 
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the second son affected, of a velo-palato-glossal myoclonic syndrome, 
arrhythmic, asynchronous and asynergic. 

Observation II thus presents a special localized form of paramyoclonus 
since no myoclonic discharges can be observed in any other part of this 
patient’s body and he is quite free from convulsive phenomena. This is 
the first recorded observation in which such a localized condition has been 
described and without Cases | and 3 the significance of this case would 
have escaped us, or at least the hypothesis of a partial form of paramyo- 
clonus would have seemed to us rather bold. 

The existence of velo-palato-glossal and facial myoclonus in the com- 
plete form is not so remarkable even though this localization is considered 
infrequent in progressive epileptic myoclonus. Meharagno’s (1946) second 
and third cases show that the velo-palato-glossal localization can also be 
noticed in a complete myoclonic cerebellar asynergia. 

In his second observation, myoclonic movements of propulsion of tongue 
and soft palate, he states that the tongue alone may present the same myo- 
clonus. In his Case 3 there was myoclonus of propulsion in tongue, velum 
palati and larynx. Meharagno also quotes two observations of de Lisi 
in which myoclonic discharges of tongue, velum palati and pharynx were 
reported together with myoclonus of skeletal muscles. We have been 
unable to verify this fact in those of de Lisi’s papers (1932, 1935) which we 
have read. 

Hence our observations throw a light on certain rare observations, in 
which the velo-palato-glossal arrhythmia and asynergic myoclonus syn- 
drome appears in isolation independently of all infection, softening or 
tumour. 

We shall venture no physiopathological hypothesis as to the origin 
of this myoclonus since we have no new anatomical facts to give and par- 
ticularly because the verified and authentic cases of epileptic myoclonus 
appear to be related to relatively little localized changes of the nervous 
system, which vary widely from case or from family to another. 


IV.—Conc.usion. 

We have learnt about this family and these three observations in order 

to show: (1) That the arrhythmic and asynergic velo-palato-pharyngeal 
and glossal myoclonic syndrome may be only a partial, localized form of 
the paramyoclonus of Friedreich or of progresstve myoclonic epilepsy. 
(2) That in certain examples of paramyoclonus or progressive myoclonic 
epilepsy no accompanying neurological signs (of spastic or cerebellar type) 
are present for a long time. (3) That the mental syndrome may in certain 
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cases be only slightly marked when not absent altogether, and in any case 


does not take the form of the severe progressive insanity of the true cases 
of Unverricht-Lundborg. These peculiarities do not justify us in propos- 
ing for such cases a special name: the old term given them by Friedreich 
still meets the case perfectly. The family Gi . . . . provides the bridge 
between paramyoclonus multiplex and familial progressive myoclonic 


epilepsy. 


BIBLIOGRAPHY. 


Crouzon, O., Bouttier, H., and Bascu, G. (1922), Bull. Mém. Soc. Méd. H6p. Paris, 
46, 1620. 

pe List, L. (1932), Riv. di pathol. Neur. e. Ment., 39, No. 3. 

(1935), Ref. Med., 51, No. 35. 
FRIEDREICH (1881), Virchow’s Arch., 86, 421. 
Gans (1925), Psych. e. Neurol. Bladen, No. 3. 

(1926), ibid., Nos. 2 and 3. 

Haenev and Bre_scnowsky (1915), J. f. Psych. u. Neurol., 21, 285. 
LoBSTEIN (1928), Nederl. T. v. Geneesk., 68, 1942; 72, 411. 
LunpporG (1912), Z. Neurol., 9, 353. 
MEHARAGNO (1946), Arg. de Neuropsiq., 4, 276. 
PRECECHTEL (1927), Psych. e Neurol. Bleden, Nos. 3 and 4. 
RECKTENWALD (1912), Z. Neurol, 8, 500. 
Rocer, H. (1922), Ann. de. Méd. 12, 161. 
SreRtTz, G. (1936), Handb. Bumke u. Foerster, 16, 899. Edit. Springer, Berlin. 
UNVERRICHT, H. (1895), D. Z. f. Nervenheilk., 1, 32. 

-(1891), Uber Myoklonie, Edit. Bach, Vienna. 
vAN Doninck, A. (1926), VI. Geneesk. 'T., No. 2930, 470. 
ZERBINI (1936), Rass. di Stud. Psich, 25, 846. 





THE MOTHER-CHILD INCOMPATIBILITY PROBLEM IN 
RELATION TO THE NERVOUS SEQUELAE OF HASMOLYTIC 
DISEASE OF THE NEWBORN.! 

BY 
D. F. CAPPELL 
(From the Department of Pathology of the University and Western Infirmary, 
Glasgow.) 

Tue mother-child incompatibility problem in relation to the nervous 
sequela of haemolytic disease involves first a consideration of what in- 
compatibilities lead to hemolytic disease and secondly the way in which 
nervous lesions are brought about. 

The nervous lesions to be considered are kernicterus and its sequelz, 
and the less well-defined disorders which may play a part in bringing 
about mental deficiency. 

Incompatibility between mother and child exists in about 30 per cent. 
of pregnancies in the A B O groups, but there is no conclusive evidence 
that such heterospecific pregnancy per se causes harm to the child. For 
practical purposes the problem of kernicterus lies in icterus gravis neona- 
torum of which the only common cause is maternal iso-immunization 


against a blood group factor which she herself lacks; of these the Rh 


factor is by far the most important. 

The Rhesus- or Rh-factor was discovered by Landsteiner and Wiener 
in 1940 when they observed that immune sera prepared in rabbits or 
guinea-pigs against the red cells of Rhesus monkeys agglutinated the red 
cells of 85 per cent. of white persons, whom they designated Rh positive, 
the remainder being called Rh negative. The distribution of Rh positive 
and negative persons is similar in Great Britain. Wiener and Peters (1940) 
soon discovered that agglutinins of similar specificity were present in the 
sera of persons who had suffered intra-group transfusion reactions, and 
they showed that such persons were Rh negative and they had been trans- 
fused with Rh positive blood. Statistics from war casualties have shown 
that Rh negative individuals transfused with Rh positive blood show sero- 
logical evidence of immunization in about 50 per cent. of cases. 

Levine and his co-workers applied these discoveries to the elucidation 
of reactions occurring in the puerperium at a first transfusion and they 
quickly established that the mothers likely to suffer a severe reaction at a 
first transfusion were usually Rh negative and all had recently lost an 

‘A contribution to the Section of Neurology, International Conference of 
Physicians, London, 1947. 
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infant from some form of erythroblastosis. To Levine undoubtedly be- 
longs the credit for the brilliant suggestion that the Rh negative mother 
became immunized by Rh antigen derived from an Rh positive foetus, 
although Darrow (1938) had proposed an antigen-antibody reaction as the 
most likely cause. 

In over 90 per cent of Levine’s cases of erythroblastosis the mother 
was found to be Rh negative and the father and child were always Rh 
positive. The Rh antibodies pass through the placenta and harm the child 
in various ways which together constitute hemolytic disease of the new- 
born. It is important to note that being Rh negative does not mean merely 
the absence of the Rh positive antigens but implies the presence of an 
alternative group of antigens which together constitute the Rh negative 
quality (see Cappell, 1946, for details), and iso-immunization of an Rh 
positive person against the Rh negative antigens does occur, but only 
rarely. 

We may summarize this stage of knowledge by stating that two kinds 
of danger await the Rh negative individual : 

(a) the risk of iso-immunization by transfusion of Rh positive blood; 
and for women: 

(b) the risk of iso-immunization by pregnancy with an Rh positive 
foetus. 

When these two risks are combined the resulting foetal disease is apt 
to be especially severe, and experience has shown that the process of im- 
munization may be initiated not only by the usual massive transfusion 
but even by the small amounts of blood sometimes injected intramuscu- 
larly as a therapeutic experiment in a variety of conditions (Diamond, 
1947). 

Hemolytic disease occurs in three forms: (a) Hydrops foetalis—invari 
ably rapidly fatal, commonly results in a stillborn macerated foetus; (b) 
icterus gravis neonatorum; (c) congenital hemolytic anzemia. 

Of these only icterus gravis neonatorum is associated with nervous 
sequelz, and we have no record of kernicterus following congenital hemo- 
lytic anzemia without severe jaundice. 

The Rh factor is genetically determined and is inherited on mendelian 
principles though it is not strictly correct to speak of dominant and reces- 
sive in this field. We distinguish therefore the homozygous Rh positive 
RhRh, the heterozygous Rh positive Rhrh and the homozygous Rh nega- 
tive rhrh. It is only to be expected that the incidence of hemolytic disease 
will be greater in families in which the father is homozygous Rh positive 
for the mother is then subjected to the stimulus of foetal antigen in every 
pregnancy whereas with a heterozygous husband the stimulus may be 
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only in alternate pregnancies. This is well illustrated in two families 
whom I genotyped recently where the mothers were Rh negative sisters 
but where one husband was homozygous Rh positive and the other he- 
terozygous. All the members belonged to group O, and the husbands 
were also related, being uncle and nephew. 

Mrs. X. eis — os eek Mrs. Y. re = ... rhrh 


Mr. X. heterozygous ... Rhrh Mr, Y. homozygous ... RbRh 


ist child she, as .-< orm Ist child “es ae :. Kbhgh 
rhrh 2nd ve . mee 


” 


2nd oe a - sie = 
3rd pe - ... Rhrh 3rd i. | Rae, ace ... Rhrh 
4th eit das ... Rhrh 4th ip: Rs Ss ... Rhrh 


5th mes = os. Smeh 5th a! ee ... Rhrh 


” 


6th * ae .. rhrh 6th ,, 5.B. hydrops 


7th a | -*. Seen .. Saree 

In both families two Rh positive children sufficed to immunize the 
mothers, but in family X four out of the first six children were Rh negative 
and hemolytic disease appeared only on the arrival of a third Rh positive 
child in the seventh pregnancy. 

The time of occurrence of hzmolytic disease in affected families is 
very variable. Apart from twin pregnancy the firstborn is rarely affected 
unless the mother has been sensitized by parenteral injection of Rh positiv c 
blood. In some families the second child suffers from one or other form 
of hemolytic disease, but in others a long succession of normal children 
may precede the appearance of an affected child. Two case-histories illu- 
strate these points. 

Icterus Gravis with Kernicterus in the Second Child. 

Mrs. S., aged 23. Group O. Rh. negative. 

Mr. S. Group O, homozygous Rh. positive RhRh. 

Ist child—alive and well. 

2nd child—developed icterus gravis neonatorum and kernicterus: 
recovered but is backward and has nervous sequelz. 

3rd child—Group O. Rr. Born by Czsarean section, transfused 
immediately with Rh negative blood, became severely 
jaundiced and anemic, was transfused again: good 
recovery: no nervous sequelz. 

The maternal serum contained a moderate amount of anti-Rh 
agglutinin, titre 1:16. 

Icterus Gravis Occurring after Repeated Pregnancies: Sensitization 
after Blood Transfusion. 

Mrs. M. P. Group O. Rh negative. 

Between 1930 and 1940 she had seven normal children, but was 
given a blood transfusion on account of hemorrhage after the 
birth of the seventh child. 

1944: Male, full time, icterus gravis neonatorum, transfused with 
Rh negative blood on the third and eighth days—recovered. 

The maternal serum contained only a trace of agglutinin but 
“blocking” antibody was present (see later). 
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As already stated the mothers of 92 per cent. of affected children are 
Rh negative and only 8 per cent. of cases occur in Rh positive mothers. 
Most of these 8 per cent. are also the subjects of iso-immunization, the 
commonest type being where the mother is homozygous Rh positive and 
becomes immunized against one of the rh antigens (Rh negative). Others 
result from iso-immunization against the subtypes of Rh, but this need 
not concern us further here. The resulting disease is in all respects identi- 
cal with that produced by the Rh negative mother and kernicterus also 
occurs as will be shown later (for details see Cappell, 1946). 

It was soon found that many mothers of affected children did not 
appear to have anti-Rh agglutinins in their serum when the tests were 
performed in the usual way with saline suspensions of red cells. In most 
of these cases the mothers’ serum contained something which prevented an 
anti-Rh serum from agglutinating otherwise susceptible cells. Race (1944), 
who first made this discovery, spoke of an incomplete antibody which 
“coated” the red cells and thus prevented the anti-Rh agglutinins from 
acting upon their receptors. Wiener (1944a) spoke of this as a blocking 
antibody. Diamond and Abelson (1945) observed that blocking antibodies 
would bring about agglutination of Rh positive cells if the serum was 
mixed with undiluted whole blood or if the test cells were suspended in 
concentrated albumin. Wiener (1945) showed that if Rh positive cells 
were suspended in saline and treated with blocking antibodies, the anti- 
bodies attached themselves to the red cells which were promptly aggluti- 
nated if the diluted serum was removed by centrifuge and replaced by AB 
serum or plasma—the so-called conglutination test. 

The relation of Rh agglutinins to biocking antibodies is still obscure, 
but it is known that agglutinins may be replaced by blocking antibodies 
in subsequent pregnancies. Diamond (1947) as a result of active immuni- 
zation of male volunteers has shown that in prolonged immunization of 
Rh negative persons by repeated small doses of Rh positive blood aggluti- 
nating antibodies appear first. While their titre is still rising blocking 
antibodies develop and their continued increase leads to an abrupt fall in 
the titre of the agglutinins which may ultimately disappear. Consequently 
Diamond prefers to speak of the blocking antibodies as being hyperimmune 
antibodies. 

The kind of antibodies produced by Rh immunization is not merely 
of theoretical interest but is very germane to the problem, for Wiener has 
advanced a theory which is superficially attractive and plausible to explain 
the different types of hemolytic disease by correlating them with the types 
of antibody in the maternal circulation. Unfortunately it does not fit the 
observed facts. Wiener (1946) has reiterated his belief that the essential 
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pathogenesis of icterus gravis is that “maternal Rh agglutinins milked 
into the infant’s circulation during labour give rise to the formation of 
agglutination thrombi in capillaries and venules of organs where the cir- 
culation is slow.” The consequent circulatory stasis is held to bring about 
hepatic and cerebral damage resulting in icterus gravis and kernicterus. 
This theory is untenable on various grounds, e.g. icterus gravis cannot be 
prevented by Czsarian birth, and the morbid anatomy of the disease in- 
dicates a long-continued ante-natal damage to the foetal haemopoietic 
system rather than an effect arising only after birth. 

We cannot with certainty predict the type of foetal disease by the 
nature and titre of maternal ante-natal Rh antibodies beyond a general 
statement that a high concentration of blocking antibodies is likely to be 
associated with a fatal hydrops foetalis. The following examples illustrate 


these inconsistencies : 


High Titre Agglutinins Associated with Only Mild Congenital Hemolytic Anemia. 


Mrs. M. Group A,. Rh negative rhrh. 
Mr. M. Group O Rh positive Rhrh. 


Four normal healthy children all Rh positive were followed by a fifth Rh positive 
child who became slightly jaundiced on the fifth day (Hb. =92 per cent). The 
maternal anti-Rh titre was 512, a pure agglutinating antibody with no a 
effects, and anti-Rh was present in the breast milk in substantial amount (titre 1:64). 
Four weeks later the infant was brought back to hospital with Hb. 26 per cent and 
made a good recovery after transfusion of Rh negative blood. 


High Titre Agglutinins Assoctated with Hydrops. Replacement of Agglutinins by 
Blocking Antibodies. 

Mrs. I. Group B. Rh negative rhrh. 

Mr. I. Group O. Homonygous Rh positive RhRh. 

1933: Three months’ abortion. 

1933: Male, full time, alive and well, group B Rhrh. 

1934: Three months’ abortion. 

1936: Male, full time, alive and well, group B Rhrh. 

1937: Female, full time, alive and well, group O Rhrh. 

1939: Female, full time, I.G.N., died. 

1940: Female, hydrops, premature. 

1941: Female, hydrops, premature. 

1945: Female, hydrops, died twenty minutes. 

The maternal serum in 1942 contained a powerful anti-Rh agglutinin titre 256 
which persisted unaltered until the pregnancy of 1945 during which it disappeared 
about the eighth month and was replaced by blocking antibody. 

Fatal Icterus Gravis and Kernicterus Associated with Blocking Antibodies. 

Mrs. P. Group A,. Rh negative rhrh 

Mr. P. Group A,. Rh positive homozygous RhRh. 

After two normal children, the third infant became jaundiced soon after birth 
and was sent into hospital on the third day with rapid moaning respirations, pyrexia 


and muscular twitchings. Death occurred very soon after admission. Necropsy 
showed widespread and severe kernicterus affecting symmetrically the cerebral cor- 
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tex, hippocampi, basal ganglia, olivary and dentate nuclei and the flocculi. The 
maternal serum agglutinated Rh positive cells only when used undiluted but block- 
ing antibodies were present in moderate strength. 

Icterus Gravis in a First Child. Absence of Rh Agglutinins. 

Mrs. W. Group O. Rh negative rhrh. 

Mr. W. Group A,. Rh positive. 

The first-born infant became jaundiced on the first day and died on the third 
day. Hb.=56 per cent. R.B.C. 3.0 mill. with only a few normoblasts. Necropsy 
revealed mild erythroblastosis but pronounced icteric staining of the basal nuclei 
and olivary and dentate nuclei, with selective necrosis of the ganglion cells. Rh 
intibodies could not be demonstrated, neither agglutinins nor blocking antibodies. 
This may be an example of hemolytic disease due to A O incompatibility—so-called 
icterus pracox—but since Rh incompatibility is present, its implication in the 
pathogenesis cannot be excluded. 


Three Years’ Survival after Icterus Gravis with Kernicterus in a Child of Rh 
Positive Mother and Rh Negative Father. 

Mrs. McK. Group O. Rh positive homozygous RhRh. 

Mr. McK. Group O. Rh negative rhrh. 

Three normal children were followed by a child who developed severe icterus 
gravis but recovered after a long illness, following transfusions of the father’s 
blood. The child was mentally defective, could not walk or sit up, nor feed himself. 
He showed mild choreo-athetosis and suffered from cerebral blindness. Death 
occurred from bronchopneumonia, and necropsy showed extensive cerebral damage 
with hydrocephalus, loss of ihe optic radiation on both sides and porencephaly. 

The maternal serum contained only a very feeble antibody against rh but was 
not examined until two years after the birth of the child. 

These cases illustrate the association of Rh incompatibility with ker- 


nicterus and show that the syndrome cannot be attributed to one particular 
kind of antibody. Powerful anti-Rh agglutinins may be present in the 
maternal circulation and the foetus may suffer from any one of the three 
forms of hemolytic disease. Only about 30 per cent. of fatal cases of 
icterus gravis show evidence of kernicterus post mortem, but the proportion 


is higher than those showing unequivocal clinical evidence of cerebral 
damage during life, i.e. kernicterus may be clinically unsuspected in cases 
dying within the first few days. In infants surviving icterus gravis into 


later childhood, evidence of nervous damage is found in 10 to 12 per cent. 

Cerebral damage has not been recognized in full-time hydropic infants 
either stillborn or dying immediately after birth. Basal nuclear damage 
if present before birth is not readily detectable macroscopically because 
the diagnostic coloration of the damaged tissue occurs only when jaundice 
is established, and for this the child requires to live about twenty-four 
hours. Few hydropic infants live as long as this, but the following case 
shows that kernicterus may be demonstrable in hydrops if the infant can 
be kept alive long enough to develop jaundice and thus render the lesions 
conspicuous. 
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Hydrops Feetalis Surviving for Thirty-six Hours after Transfusion: Moderate 
Jaundice: Kernicterus. 

Mrs. C. Group O. Rh negative rhrh. 

Mr. C. Group B. Homozygous Rh positive RhRh. 

1931: Two and a half months’ abortion. 

1932: Female, full-time, stillborn. 

1934: Two and a half months’ abortion. 

1936: Female, fuli-time, stillborn. 

1938: Female, full-time, died two days. 

1945: Female, hydrops, group B Rhrh. 

The infant born by Czsarean section showed extreme anemia (Hb. 26 per cent) 
and mild hydrops. There was some difficulty in establishing respiration. A 
slow drip transfusion of 180 ml. of Rh. negative blood was given, and the infant 
appeared well for twenty-four hours, although jaundice had developed. About thirty- 
six hours after birth the infant became dyspnoeic and died suddenly. Necropsy 
showed severe kernicterus involving the basal nuclei including hippocampus, 
corpus luysii, Deiter’s nuclei and the superior vermis, the olives and flocculi being 
particularly deeply coloured. The maternal serum contained only a weak blocking 
antibody. 

There is litthe doubt that the staining of the basal ganglia in kernic 


terus is no more than the coloration of dead and damaged nerve cells by 
icteric pigment. The cause of the selective damage is uncertain; histo 
logical investigations reveal no support for Wiener’s hypothesis of aggluti- 
native thrombi of red cells in the cerebral capillaries, nor is severe anzemia 
an essential feature. In some cases profound liver damage is present but 
in others histological evidence of this is lacking. The damage to nerve 
cells must occur after birth or at most not long before birth, for in infants 
dying in the first few days the damaged tissue shows no sign of disintegra- 
tion and removal. Rh antigens are present in the tissues as well as in the 
red cells, and cerebral and hepatic damage may be the result of local 
antigen-antibody combination just as is damage to the hemopoietic system. 
It must be admitted, however, that while Rh antibodies are certainly in 
criminated in the causation of kernicterus their mode of action is stil! 
obscure. 

Lastly there is the interesting question whether mental deficiency can 
result from Rh incompatibility apart from the nervous sequelz of icterus 
gravis. In the first place since it is known that icteric staining of the brain 
may sometimes take the form of a diffuse coloration of the cortex in greater 
or lesser degree, either alone or along with basal nuclear staining, one may 
accept without hesitation the proposition that mental deficiency may 
follow consequently upon icterus gravis whether or not the characteristic 
choreo-athetosis and alterations in muscular tone are present. 

Yannet and Lieberman (1946), however, have raised a wider issue and 


suggest that non-specific mental deficiency may occur as a result of Rh 
incompatibility in the absence of icterus gravis and they adduce in evi- 
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dence the finding of twice the expected percentage of Kh_ negative 
mothers in a group of Rh positive mentally defective children. 

I believe that their figures are unsound for they included in the un- 
differentiated group six cases of undoubted icterus gravis and kernicterus. 
If these are transferred, as I think they should be, to the specific group 
then the difference in incidence of Rh negative mothers between the two 
groups disappears. McKenzie from my Department has investigated a 
series of about 200 mothers with defective children and has found no 
significant difference in the percentage of Rh negative mothers in a group 
Rh positive children suffering from simple mental deficiency as com- 
pared with a group of defective children of specific types, e.g. Mongols, 
microcephalics, &c., and both groups showed no significant difference from 
an unselected group of normal school children. It seems improbable that 
Rh incompatibility can cause mental deficiency in the absence of overt 
hemolytic disease in the neonatal period. 


SUMMARY. 


An outline is given of the ztiology of hemolytic disease of the new- 
born and the importance of blood-group incompatibility between mother 
and child. 


It is shown that Rh incompatibility is the only common cause, and 
that the usual situation is that of the Rh negative mother with Rh positive 
husband and children. The danger of sensitization by previous blood 
transfusion is pointed out. 


Case-histories are given to illustrate the importance of the heterozygous 
(Rhrh) state of the husband in the prognosis of the family. 


The types of hemolytic disease and the varieties of Rh antibodies are 
outlined. It is shown that nuclear jaundice (kernicterus) occurs only in 
icterus gravis but that either agglutinating or blocking type of antibody 
may be concerned in its causation. 


Analysis of a series of mothers with mentally deficient children has 
failed to show any significant difference in the proportion of Rh negative 
mothers with Rh positive affected children. It is concluded that Rh in- 


compatibility is concerned in the causation of mental deficiency only in 


so far as it leads to icterus gravis. 


In this communication the terminology has been kept to the 
simplest possible terms and details of the antigenic structure of the 
Rh groups have been omitted as irrelevant to the questions at issue. 
Full details will be found in the reference Cappell, 1946. 





D. F. CAPPELL 
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A NEW METHOD FOR INVESTIGATING THE 
NERVOUS SYSTEM. 
BY 
W. H. FEINDEL'!, D. C. SINCLAIR and G. WEDDELL. 
(From the Department of Anatomy, University of Oxford.) 
INTRODUCTION. 

METHYLENE blue was introduced as a vital stain for the nervous system 
by Ehrlich (1886), who obtained striking results by its use. Since then 
many methods have been employed to introduce the dye to the tissues 
and fix it there (Schabadasch, 1930; Polyak, 1941; Clark and Clark, 1947) 
but in most cases staining tends to be capricious or incomplete. Attempts 
to obtain uniform and reproducible results have led to the adoption of 
more and more complicated procedures, the description of which has pro- 
duced the impression that satisfactory staining by methylene blue is a 
technique extremely difficult to master. It is possibly for this reason 
that the full potentialities of the method suggested by a study of Ehrlich’s 
original paper have not been realized. Recently, however, a simple and 
reliable, though arbitrary, method, depending on the local injection of 
the dye was introduced (Weddell et al., 1940), and has subsequently been 
employed for investigations on the pattern of innervation of the skin 
Weddell, 1945) and on the process of degeneration in cutaneous nerves 
(Weddell and Glees, 1941). In order to obtain satisfactory staining by 
this method it is necessary to inject a relatively large volume of solution 
under considerable pressure. While this may be of little importance in 
the case of the skin, in soft tissues such as muscle there is considerable 
mechanical distortion of the pattern of innervation. Further, there are 
many tissues which by reason of their anatomical situation or structure 
are difficult to stain without damage. To overcome these objections and 


permit of the study of the innervation of such structures a method has 


been developed which depends on the introduction of methylene blue into 


the living animal by a continuous intravenous perfusion. 


TECHNIQUE. 
All experiments have so far been performed on rabbits of weight 1 to 
15 kg. The rabbit is lightly anesthetized with ether or nembutal and 
me ear is pinned out on a board. The methylene blue solution is then 
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introduced into the marginal ear vein by means of a hypodermic needle 
(No. 23 S.W.G.) connected to an ordinary clinical intravenous infusion 
apparatus. The dye usually employed is the British Drug Houses’ stan- 
dard stain, but it appears that any standard methylene blue will answer 
the purpose. It is made up as a 0:5 per cent solution in 0°25 per cent 
sodium citrate, and should be prepared the same day: it may with advan- 
tage be warmed. The drip apparatus is adjusted to deliver 8 to 10 drops 
(approximately 4 ¢.c.) per minute, and if this rate of administration is 
not exceeded, the rabbit does not as a rule die for at least two hours, It 
has been found by experience that under these circumstances a total 
dosage of approximately 60 c.c. per kg. gives good results in the majority 
of animals. With smaller amounts, some organs, such as the brain, may 
occasionally be adequately stained, but staining in other tissues may be 
unsatisfactory. Death often occurs suddenly, and is usually due to 
respiratory failure. Immediately after death, the particular tissue or 
tissues which it is desired to investigate are exposed to the air as rapidly 
and completely as possible, when “blueing” takes place (Polyak, 1941). 
The intensity of the colour develops fairly steadily over several minutes, 
and when it has reached its maximum (usually after some fifteen minutes 
of exposure) the tissue is rapidly removed and placed in chilled 8 pei 
cent aqueous ammonium molybdate. The time factor is not critical, and 
many different tissues may successfully be preserved from the same 
animal. If the piece of tissue removed is large or dense it may be desir 
able to cut it into slices in order to allow adequate penetration of th¢ 
molybdate. The material is then left in a refrigerator at 0° C. for a period 
varying from two to eighteen hours according to the size of the specimen 
It is removed from the molybdate and washed in ice-cold saline (0°9 pet 
cent) for fifteen to sixty minutes, the period again varying with the thick 
ness of the tissue. The material is then arranged in a form suitable for 
microscopic examination: this often entails flattening between two glass 
slides. After this treatment it is carried, between the slides, through 
two changes of 95 per cent alcohol and one of absolute alcohol, and is left 
in redistilled absolute alcohol until dehydrated (usually fifteen to sixty 
minutes). The whole of this process should be carried out as quickly 
as is compatible with complete dehydration, since otherwise it is accom- 
panied by decolorization which, it may be noted, occurs in the lower 
strengths of alcohol and not in the redistilled absolute alcohol. This 
decolorization may, however, be turned to advantage in cases where the 
tissue is overstained, as it is found that the dye is retained by the nerves 


longer than by the surrounding tissues. Cautious differentiation in 
alcohol is therefore possible and is occasionally of considerable importance, 





A NEW METHOD FOR INVESTIGATING THE NERVOUS SYSTEM 497 


for example, in removing stain from collagen fibres, which otherwise 
ay be mistaken for nerve fibres as they appear to have been in some 
eparations obtained by Schabadasch (1930). 
After dehydration the tissue is cleared in xylol or benzol; it may 
en be mounted in Canada balsam, or stored as a loose specimen in 
methyl salicylate. In either case the preparation should be kept in the 
rk, since fading may occasionally occur after some weeks, and 
pears to be accelerated by exposure to light. It has also been 
found of considerable importance in the prevention of fading that all 
tle glassware used should be chemically clean. In view of the possibility 
of fading it is desirable to examine and photograph the tissue in the first 
few days after it has been prepared. For this type of work it has been 
found that photography on 35 mm. film is the method of choice. 

Variations.—After the material has been a short time in the molybdate 
solution it is possible to make quick frozen sections, which may then 
be taken through the process detailed above. Alternatively, the whole 
specimen may be embedded in paraffin after the molybdate stage; the 
details of the technique involved are still under consideration. Both 
these variations allow of counter-staining the section. 

RESULTS. 

It has been found possible to study, in a preliminary way, the general 
pattern of innervation in a large number of tissues, and the only restric- 
tion imposed by the method appears to be the difficulty of successfully 
handling many specimens from one animal during the stage of “blueing.” 

So far, inquiry has chiefly centred around the pattern of innervation 
of striated muscle, and a full account of the findings will be published 
shortly. Owing to the complexity of the picture presented, it has been 
iG desirable to study small muscles such as the lumbricals. Plate XI, 
fig. 1, shows a low-power view of a lumbrical muscle of the hind foot, 
3 it will be seen that both the main nerve trunks within the muscle 
and the fine terminal ramifications of their branches, which bear the motor 
end-plates, are uniformly well stained. The picture also indicates well 
the innumerable arborizations and convolutions of the nervous pattern 
in even this small and structurally simple muscle. Other muscles which 
have been the subject of preliminary study are the extra-ocular and 
laryngeal muscles, the interossei and the diaphragm. It should be noted 


that it appears that the pattern of innervation may differ quite markedly 


in various muscles. 

A number of motor end-plates from the same lumbrical are shown 
nder a higher power in plate XII, fig. 2. At least two types of motor end- 
plate appear to be demonstrable by this technique, and both are well 





PLATE XII. 
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PLATE XII. 
All figures are methylene blue preparations in the rabbit. 


.—Lumbrical muscle showing nerve trunks and sprays of motor end-plates. 


Fic. 2.—Motor end-plates from a lumbrical muscle. x 400. 


Fic. 3.—Part of a muscle-spindle from a lumbrical muscle. Note the annulo- 
iral ending in relation to intrafusal muscle fibres. x 525. 


Fic. 4+.—Beaded nerve fibre from the cornea. x 425. 
Fic. 5.—Plexus of nerve fibres just beneath the epithelium of the epiglottis. 
120. 


Fic. 6.—Interweaving nerve fibres from the cornea. Note that not all the fibres 
re beaded. x 500. 


Fic. 7.—Large bundle of nerve fibres in the visceral pericardium. The photo- 
eraph was taken through the whole thickness of the wall of the ventricle. x 100. 


Fic, 8.—Nerve fibres in the dura mater. x 80. 





PLATE XIIL. 





Fic. 
Fic. 


Fic. 3.- 


veaded 


Fic. 
1550. 


Pic. 5. 


Fic. 
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Piate XIII. 


-Degenerating nerve fibre among normal fibres in a plantar nerve. x 425. 


Nerve fibres in the nasal mucosa. x 1000. 


Ganglion cells in the wall of the urinary bladder. Note the pericellular 
nerve fibres. x 800. 


4+.—Pyramidal cell from the frontal cortex. Note the “boutons terminaux.” 


Fine beaded nerve fibre in the cerebral cortex. x 1200. 


“Boutons terminaux” in relation to cells in the occipital cortex. x 1450. 
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shown in the photograph. It will be noted that the nuclei of the end- 
plates are not stained, but that in some cases there is an indication of the 
presence of a membrane surrounding the end-plate. 

Plate XII, fig. 3, shows a portion of the pattern of innervation in a muscle 
spindle, and has been included to show the type of detail which it is 
possible to demonstrate in a complicated end-organ. In addition it is 
of interest that the finer morphological details of the spindle as shown 
by this ‘method are almost exactly similar to those displayed by the 
most recent modifications of metallic impregnation methods (Barker, 
1947). 

The innervation of the cornea has also been the subject of study, and 
Plate XII, fig. 4+, shows an isolated beaded nerve fibre from the centre of 
the cornea. It is perhaps significant that many of the fibres in the cornea 
appear to be thus isolated, and do not interweave with their neighbours 
in the fashion which is normal in the skin (Weddell, 1945). This cir- 
cumstance is probably to be associated with the presence in the cornea 
of an unpleasant “over reaction” to painful stimuli (Weddell, Sinclair and 
Feindel, 1948). Not all the fibres in the cornea, however, are isolated, 
and in some cases beaded fibres very similar to those associated with 
pain sensibility in the skin may be seen running in close proximity to 
fibres of much the same diameter which display no evidence of beading 
(Plate XII, fig. 6). This observation is in support of the contention that 
the beading so frequently found in methylene blue preparations is not 
an artifact produced by autolysis, as has been suggested by some authors 
(Polyak, 1941). 

Many tissues of which the innervation does not appear to have yet 
been adequately studied have now become accessible owing to the adop 
tion of the intravenous drip technique. For example, Plate XII, fig. 5, shows, 
in the epiglottis, a pattern of innervation, the complexity and density 
of which is out of keeping with our present scanty knowledge of its 
physiological réle. 

The nerves in serous membranes may be well stained by this method. 
as can be seen from an examination of Plate XII, fig. 7, which shows the 
branching of a large nerve trunk in a representative area of the visceral 
pericardium. A remarkably clear demonstration may also be obtained 
of the intimate innervation of the structures forming the wall of the 
alimentary tract. In this connection it should be noted that the tran- 
lucency of tissues treated by this technique allows of the examination of 


pieces of considerable thickness, such as the whole stomach wall. If the 
concentration of blue in a tissue is slightly greater than that required 
to stain the nerve fibres, the small blood-vessels are often very satisfac- 
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torily outlined, as was the case in the portion of dura mater shown in 
Plate XII, fig. 8, which shows a nerve trunk running in close proximity to 
an arteriole. : 

On several occasions in tissues exposed to trauma by their peripheral 
position, degenerating nerve fibres have been found among apparently 
perfectly normal fibres (Plate XIII, fig. 1). This finding supports the con- 
tention of Weddell et al. (1941) that such an occurrence is possibly a very 
common result of the intermittent wear and tear to which the peripheral 
nervous system is exposed. In this connection it is interesting to note that 
the appearance of the degenerating fibre in Plate XIII, fig. 1, is similar to that 
which has been shown by Weddell and Glees (1941) to result approximately 
one week after section of a peripheral nerve. 

Mucous membranes may readily be stained by the use of the 
intravenous methylene blue technique, and Plate XIII, fig. 2, shows three 
nerve fibres in the nasal mucosa. Two of the fibres are myelinated. 
although of very different size, while the third appears to be unmyelinated. 

But perhaps the most valuable contribution which this method could 
make to the study of the nervous system lies in the fact that the fine 
terminal ramifications of the axons, both in the peripheral and in the 
central nervous system. stand out with great clarity, and apparently with- 
out distortion. Plate XIII, fig. 3, is a picture of a group of ganglion cells 
in the wall of the bladder and shows well the terminal basketwork of 
fine beaded fibres round each individual cell. It will also be noted that 
these beaded fibres display rather more considerable varicosities at short 
intervals along their course and it is possible that this appearance may 
have some physiological significance. 

All the foregoing pictures have been of whole preparations mounted 
in methyl salicylate, but Plate XIII, figs. 4 to 6, show the type of detail 
which may be obtained in paraffin sections of the central nervous system. 
‘The first photograph (fig. +) is of a pyramidal cell in the frontal cortex 
of the rabbit. The nuclear structures have stained faintly with the dye, and 
on one side of the cell are seen several darkly stained “boutons terminaux.” 
Plate XIII, fig. 5, shows a fine beaded fibre in the cerebral cortex: it is 
possible that some of its varicosities are in fact “boutons de passage.” 
Both these photographs demonstrate that the boutons and fine beaded 


fibres appear to stain selectively. The factors concerned in the mechanism 
of staining by methylene blue have not been fully worked out, but it is 
possible that this selective staining in the central nervous system, which 
has been previously noted in the retina by Polyak (1941), may be correlated 
with the physiological condition of the fibres or endings. Plate XIII, fig. 6, 
is a picture of two cells from the occipital cortex, and again shows the 
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intimate relation to the faintly stained cell bodies of the numerous deeply 
staining “boutons terminaux,” the most prominent of which may be 


seen to have an annular structure. It is interesting that Ehrlich (1886), 


in his original paper, described fine varicose neurofibrils in relation to 
ganglion cells in the cerebral cortex. It is well known that an adequate 
demonstration of the boutons in the cerebral cortex is obtained only with 
the greatest difficulty by the use of silver methods (Meyer and Meyer, 
1945) amd the success of intravenous methylene blue in this situation is 
therefore an intimation that it possesses considerable possibilities not only 
for obtaining information on the normal synaptic structure of the cerebral 
cortex, but also for the investigation of experimental degeneration in the 
nervous system as a whole. 
DIscuSSION. 

The use of an intravital methylene blue staining method for the ner- 
vous system has several advantages, perhaps the most important of which 
is that it makes possible the study of the tissue as a whole rather than in 
a series of thin sections. Methylene blue stains chiefly the axis cylinder. 
but myelinated fibres may be readily identified by the morphology of the 
axis cylinder at the nodes of Ranvier. It will also stain degenerating fibres 
for periods up to fourteen days (Weddell and Glees, 1941), without modi- 
fication of the technique, thus rendering possible the study of experimental 
lesions and pathological processes. 

The method which has been described above preserves these advantages 
of methylene blue, and avoids the tissue distortion consequent upon the 
method of local injection. It employs only simple solutions, and has many 
advantages of its own. Thus, it stains the whole of any given tissue under 
uniform conditions and more completely than is usual with the local in- 
jection technique. Very satisfactory paraffin or frozen sections can be 
obtained and thus serial sections of any tissue may be studied. There are 
also many other possibilities as yet incompletely realized, such as the in- ° 
troduction of another vital dye into the injection solution to act as a 
counterstain, celloidin embedding, and the fixation of the tissues in situ in 
the animal. It is evident, also, that the technique need not be restricted 
to the use of methylene blue, since it is probable that many other well- 
known vital dyes would also prove useful. 

It should be emphasized that the technique is as yet purely empirical 
(as indeed are all the techniques so far developed for utilizing the staining 
properties of methylene blue) and that it is being investigated with a view 
to rationalization and modification for special purposes. For example, by 
altering the concentration of the dye it is possible to stain Schwann cell 
nuclei in addition to the axis cylinder (Weddell and Glees, 1941), or as 





A NEW METHOD FOR INVESTIGATING THE NERVOUS SYSTEM 505 


has been mentioned above in relation to the dura mater, to obtain a picture 
of the vascular pattern in different regions of the nervous system. 
Nevertheless, it is possible, by the use of this method, to obtain a more 
satisfactory and complete picture of the innervation of many tissues than 
has hitherto proved feasible. The present paper is therefore a preliminary 
note written to direct attention to the potentialities of the technique as a 
tool for the investigation of the nervous system, both central and peri- 
pheral. To take one example, it should be possible, in cases of experimental 
poliomyelitis, to obtain a correlation between the condition of the affected 
muscles and that of the central nervous system in the same animal, Much 
anatomical information of considerable physiological and clinical value 
may also be acquired: thus the pattern of innervation of skeletal muscle 
and of the cornea are at present being worked out, and Millen (1948) has 
already investigated the innervation of blood-vessels by this means. Again, 
the striking picture presented by the “boutons” in the central nervous 
system, even in the cerebral cortex, raises the hope of utilizing the method 
to investigate experimental lesions in this region. Bodian (1944) has pointed 
out that present methods do not provide rapid enough fixation to determine 
adequately the normal variations in “boutons” in the central nervous system. 
The use of intravital staining may overcome this difficulty, since the stain 


is taken up by the nervous structures while they are still alive. In this 
connection it should be noted that Meyer and Meyer (1945) were able to 
demonstrate “boutons” and beaded fibres in biopsy material from the 
human cerebral cortex, but not in post-mortem investigations carried out 


on the same brains. 


SUMMARY. 

A new aid to the study of both the gross pattern of innervation through- 
out the animal body, and also of the fine morphological details of nerve 
endings, such as the “boutons” in the cerebral cortex, is provided by the use 
of methylene blue administered by an intravenous drip technique. Atten- 
tion is drawn to the value of this technique and some of its possible 
modifications in the study of lesions in the nervous system due either 
to experimental trauma or to pathological processes. By its application it 
has already been possible to undertake investigations into the innervation 
of blood-vessels, of the cornea and of striated muscle, and further work is 
in progress. ; 
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Diseases of the Basal Gangha and Subthalamic Nuclei. By D. DENNY 
Brown, M.D. (Edited by Henry A. Christian, M.D.) Oxford Univer- 
sity Press, New York and London. Pp. 47. Price 12s. 6d. 


This reprint in book form from the Oxford Loose Leaf Medicine is very welcome 
\s it gives a more comprehensive and up-to-date account of extrapyramidal diseases 
than can be found elsewhere in the English language. The thirty-five years that 
have elapsed since the publication of Wilson’s researches into the anat my and 
physiology of the basal ganglia have done little to clarify the mechanism of 
these structures, and much also remains uncertain as to their anatomical connec- 
tions with each other and with other parts of the nervous system. The section 
on anatomy and physiology makes this evident, but does not pretend to be a 
full exposition of either subject. It does, however, indicate the complexity of 
the subject and the falsity of such simple explanations as have been suggested in 
the past by Ramsay Hunt and some of the French school. 

Intrapyramidal diseases are divided into: 

I. Those with Parkinsonian rigidity. 

II. Those in which variable rigidity and attitudes usually are associated with 
action tremors such as hepatolenticular degeneration. 

Ili. Those with variable rigidity with alternating swings of posture “which in 
more rapid sequence are athetoid.” 

IV. Those with a continual flow of athetoid movement with or without rigidity 
such as Huntington’s chorea. 

This purely clinical classification is\perhaps as satisfactory as any, as through- 
out the whole group the relationship between symptomatology and pathology is 
less clear than in any other group of nervous diseases. It is true that in a few 
diseases such as Huntington’s chorea a stereotyped symptomatology rests on a 
very constant pathological substratum. But in others such as Parkinson’s disease 
the pathological lesions so far described appear inadequate to the symptomatology; 
or, as in chereo-athetosis a similar clinical picture may be associated with very 
varied pathological changes. 

Throughout the book the description of the abnormal movements and other 
clinical details are excellent and avoid the neurological jargon which so often 
does duty for accurate statement. The pathological anatomy is described clearly, 
and in many instances with a freshness derived from personal investigations. If 
rather more space is given to hepato-lenticular degeneration than would appear 
necessary for so rare a disease, it must be remembered that Kinnier Wilson’s 
description of this disease was in many ways the starting point for our knowledge 
of the whole group. Since that time we have come to realize that the symptoma- 
tology of these diseases may be modified by lesions in the cerebellum or frontal 
cortex. A short discussion on pages 274 and 275 summarizes what is known on 
this subject, and suggests lines of future research. 

An element of vagueness is introduced by the varying nomenclature of the 
“nucleus subthalamicus” which varies from this to “body of Luvs,” through almost 
every possible combination of noun and adjective in Latin and English. Perhaps 
the present avthor is less responsible for this than previous editors, since in the 
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title the term “subthalamic nuclei” appears to cover also the substantia nigra and 
nucleus ruber, whereas the author evidently prefers “corpus subthalamicum” as 
the specific name for the nucleus. 

The monograph is so condensed that its size of less than 50 pages gives 
a false impression of the amount of information it contains. The paucity of illustra- 
tions of course contributes to this condensation, and is one of the few defects of 
the book. There is an excellent bibliography of 348 references. 


Nutritional Disorders of the Nervous System. By Joun D. SPILvane. 
Foreword by George Riddoch. E. and S. Livingstone, Edinburgh. 1947. 


Pp. xv + 280. Price 20s. 


The subject of avitaminosis is one to which biochemists, physiologists and neuro- 
logists have contributed much during the past twenty years. The vitamin-B com- 
plex and its clinical correlates assumes special importance. Wartime experiences 
of nutritional neuropathies occurring in captivity have attracted much attention 
in the last year or two. Spillane has prepared a careful and thorough monograph 
upon the topic of nutritional disorders of the nervous system, concentrating mainly 
upon deficiencies of one or more components of vitamin B. Subacute combined 
degeneration of the cord is also brought into the story. The author has studied 
and discussed the very considerable literature and he has also drawn upon his 
personal experience in prisoners of war. Unfortunately, as Spillane makes only 
too clear, the problem gains in complexity the closer it is scrutinized. Differences 
in behaviour between animals and man to experimental diets; the time factor: 
the possibility of other influences extrinsic and intrinsic, must all be considered. 
Again the effects of semi-starvation upon prisoners has not constituted a straight- 
forward exneriment, for there was a global deficiency in all food elements, and 
in addition there arose no small risk that certain potentially toxic substances may 
have been ingested. These and other kindred points are stressed in the author’s 
concluding chapter. Spillane’s monograph’ should find a place upon the shelves 
of every neurologist 
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